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MEDICAL EDUCATION AND TRAINING IN RESEARCH 
CLayTon G. Loosui, M.D. 


EMBERS and guests of the Central Society: What I have to say today 

can be placed most appropriately under the category of remarks. It 
has been a high honor for me to serve this Society as President. Our efficient 
Secretary, Dr. Ebert, has made my task an easy one. I have enjoyed the asso- 
ciation and appreciated the help of the Council in the selection of new mem- 
bers and of the papers you will hear today and tomorrow. 


Since 1948, as Editor of the Journal or an officer, I have attended the 
annual Council meeting when candidates for membership in the Society were 
considered. I assure you that this responsibility has been accepted with utmost 
seriousness and objectivity by the officers and Council members. For active 
membership in this Society a candidate must be a practicing physician who 
has ‘‘acomplished a meritorious original investigation in the clinical or allied 
sciences of medicine.’’ If this statement had been interpreted literally by the 
past and present Councils few would have qualified, because the word 
“original” would have eliminated most of us. Be that as it may, however, sup- 
porting evidence of the candidate’s qualifications includes a summary of his 
academic training, his present academic position, letters of recommendation 
from two or more members of the Society, a list of published scientific reports, 
and evidence of moral integrity. All of these factors are weighed carefully 
by the Council, but moral integrity and the bibliography, which supplies the 
evidence of ‘‘meritorious original investigation,’’ are the most important con- 
siderations. 

If a candidate is not elected to this Society the first year, he has two more 
years during which to qualify. Only a few fail to be elected after three years. 
The reasons are varied. A few candidates leave the area of eligible member- 
ship. Some discontinue their researches and enter private practice. Others 
after making a creditable start as investigators show no further progress 
during their next two years. It is this group about which the Council spends 
many hours. Most of these individuals are earnest and qualified young men who 
are overburdened with administrative, teaching, or private practice responsi- 
bilities to the extent that their research programs bog down. I recall the 
application of one candidate for membership in our Society who was obviously 
striving to carry on an acceptable research program along with many other 
duties listed by his sponsors. His bibliography consisted of two published 
papers and interesting titles of seven others to be published. In support of his 
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application the third year, his sponsor submitted a list of five additional papers 
to be published, with no comment concerning the whereabouts of the seven 
manuscripts which were ‘‘to be published’’ two years previously. I submit 
again that if those responsible for the training of this young investigator had 
the true spirit of our Society, namely ‘‘the cultivation of clinical research and 
the development of younger men,’’ they would have relieved him of some of 
his teaching responsibilities so that he might have had time to prepare his 
possibly ‘‘meritorious and original investigations’’ for publication. 

Thus, the failure of some of these worthy individuals to be elected to our 
Society rests on the shoulders of the chiefs of their respective departments. 
In many of our medical schools, time during which a young man is expected to 
do investigative work and report the results is not infrequently given a low 
priority by his ‘‘Chief.’’ Research programs which must be performed before 
9 a.m. and after 5 p.m. will not attract many individuals, even those of good 
intelligence, internal drive, willingness to work hard, and tenacity of purpose, 
into a career of scientific endeavor. Having time to think, plan, and execute 
experiments, read the literature, correlate the findings, and report the results 
is essential in the training of the young investigator if we are to develop the 
“inquiring mind,’”* which is so fundamental in the art of scientific investiga- 
tion.” * 

Beveridge states that “curiosity and love of science are the most important 
mental requirements for research’’ and that ‘‘perhaps the main incentive is 
the desire to win esteem of one’s associates, and the chief reward is the thrill of 
discovery... .’’? As medical school faculty, we have a responsibility for teach- 
ing both the art of medical practice and the art of scientific investigation. 
The latter can develop and flourish in young men only in friendly, sympathetic, 
and stimulating environments* *—environments in which their superiors have, 
or are feeling, the ‘‘spirit of pure delight’’ from their own accomplishments in 
the field of medical research.® 

Teaching only what is known in medicine is a hollow goal and cannot be 
considered a scholarly endeavor. Training in wisdom and knowledge of the 
technical aspects of medical practice is not enough.®* 7 Scientifie discipline in 
medical practice is not antagonistic to human kindliness.* Bertrand Russell has 
stated that most of his opinions spring ultimately from admiration of two 
qualities: kindly feeling and veracity. Dr. Platt, Professor of Medicine at the 
University of Manchester, saw in these qualities “the art and science of medicine.” 
The art was “the wish to help and above all to understand the human being in 
distress.” The science was “the discipline to withstand all temptation to de- 
part from accuracy and the determination to advance knowledge by the methods 
of science which are ultimately concerned only with the search for the truth.’ 
This, I believe, should be our goal in medical teaching today. 

I would like to comment on another problem which I believe should con- 
cern all the members of this Society. It is the constantly decreasing supply of 
qualified teachers and investigators in the clinical and allied basic sciences. 
In the annual (1953-54) report of the Educational Testing Service,’ it is 
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stated that ‘‘less than half of those equal in ability to the average college 
graduate now enter college. Even among the top two per cent of our high 
school graduates, only two-thirds are now going all the way through college. 
Whereas six or more per cent of the population are capable of acquiring a 
Ph.D. or an M.D., the number earning these degrees at present is less than 
half of one per cent of the population.’’ Dr. Rappleye,’® in discussing the 
problem of maintaining standards of medical education, states that ‘‘our 
nation must depend upon the brain power of its scientists, physicians, and 
research workers to continue the leadership of the world.’’ Our medical 
schools will occupy their proper place in this leadership only if they continue 
to recognize their responsibility to train and develop investigators as well as 
practicing physicians. 

Many of you are aware of the fact that since 1947 there has been a steady 
decline in the number of applicants seeking admission to medical schools. In 
1954-55 there were approximately 14,500 applicants for approximately 7,500 
freshmen places, or a ratio of applicant to place of only about 1.93.11 With the 
decline in the number of applicants there has been also, as would be expected, 
a decline in the number of highly qualified individuals who are sought after 
by all medical schools. It has been pointed out by Dr. Stalnaker that some 
of the ‘‘schools with geographic restrictions had to serape ‘the bottom of the 
barrel’ to get a freshman class this year, and no school had as many topflight 
applicants as it desired.’’ In the past, many of those not gaining admission to 
medical school sought training in one of the allied sciences, where they went 
on to distinguish themselves in teaching and investigation. In addition, many 
of the present leaders in the basic medical sciences were lured from the ranks 
of the medical graduate. This is not so today. Although we might like to 
place the blame of the lack of qualified investigators in the medical sciences on 
the doctors’ draft, this factor is probably not very important. One important 
factor, of course, is the high cost of a career in medical teaching and research, 
with an investment of from eight to twelve years after high school, for which 
there is only moderate compensation in salary after the period of training is 
completed. 

In June, 1955, approximately 7,000 students were graduated from the 
American medical schools, having achieved this end through a maze of medical 
curricula with emphasis on medical care. In the introduction of the annual 
report of the Council on Medical Education and Hospitals, it is stated that the 
graduate should ‘‘possess a reasonable understanding of science, man, his 
health, diseases, and disabilities. He should have developed a genuine spirit 
of curiosity and be in the possession of methods of study which foster the 
accumulation of facts and the making of observations that lead to new knowl- 
edge and the wisdom to utilize it.’ However enthusiastic we might be 
about our respective undergraduate training programs, they fall far short of 
this goal. The graduating medical student, because of the crowded and lock- 
step curriculum, learns little of the experimental method and principles of the 
basie sciences so essential to the comprehension of clinical medicine and the 
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care and supervision of the sick. Thus there is the necessity for postgraduate 
training. This starts with the internship. Immediately thereafter the ax of 
specialization begins the process of the splintering away of whatever broad 
concepts of medicine might have been acquired as an undergraduate, so that 
little is left at the end of the three- to five-year postgraduate training period. 

As of June, 1955, there were 11,000 internships for our 7,000 graduates. 
Approximately 4,800 of these are in medical school affiliated hospitals, while 
over 6,000 are in unaffiliated hospitals. In spite of the added inducement of 
better training in the science and art of medicine, only forty-six per cent of 
the graduates last year interned in university supervised hospitals. The num- 
ber of residency places for postgraduate training is approximately 25,400, and 
only about 26 per cent are under medical school control.'* The opportunities 
for better living facilities, stipends, and other material benefits for interns 
and residents in the nonaffiliated hospitals are such that many of the better 
students also accept appointments in these institutions where little or no basic 
scientific teaching or research is carried on. Other highly qualified individuals 
give way to economic pressure and enter private practice. This and the loss 
of qualified individuals to the nonaffiliated hospitals are resulting in a de- 
ereasing number of intellectually desirable graduates for advanced training in 
academic medicine at the university centers. 

This is a most serious problem. Stress in medical education today, both 
in the undergraduate and postgraduate years, is essentially on training for 
the practice of medicine.’* 1» 1° Training in the art of scientific investigation, 
which is so essential in the development of teachers of medicine, is given little 
formal attention by the professional medical educators. More planned effort 
should be made both at the undergraduate and graduate levels to direct and 
train those most intellectually and tempermentally qualified for careers in 
academic medicine. The quality of medicine of the future depends on the 
caliber of the young men we secure today for advanced training to be 
teachers of medicine.*’ The medical school functioning within the framework 
of a university, as Dean Dorst has put it,* where the spirit of scholarly in- 
quiry is ever present, should serve as the continuing source of future teachers 
and researchers in both the basic and clinical sciences. Advancement of 
medical knowledge and of the art of medicine depends on a faculty continually 
vitalized by younger colleagues in the pursuit of the unknown in the vast 
area of medical empiricism. High standards of intellect and scholarship 
among the medical faculties must be maintained if medicine is to remain a 
profession and medical centers ‘‘fountains of learning.’’ 
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CLINICAL AND EXPERIMENTAL 


THE PRESERVATION OF POLIOMYELITIS VACCINE WITH 
STABILIZED MERTHIOLATE 


Epwin O. Davisson, Po.D., Horace M. Powett, Sc.D., Joun O. MacFAr.ANE, 
Pu.D., RoLanp Hopeson, Po.D., Ropert L. Stone, M.S., AND 
CLYDE G. CULBERTSON, M.D. 
INDIANAPOLIS, IND. 


INTRODUCTION 


ERTHIOLATE* was first used as a biologic preservative in 1931.* Since 
that time, this antiseptic has been used for this purpose in a wide range 
of products including vaccines, toxoids, antigens of one kind or another, plasma, 
antisera, antitoxins, and others. Some of the properties of Merthiolate which 
contributed to its acceptance as a preservative in parenteral preparations are 
(1) water solubility, (2) compatibility with biologic materials, (3) relatively 
low toxicity, and (4) effectiveness as a growth inhibitor of bacteria and fungi. 
Our present interest in re-examining the use of Merthiolate as a biologic 
preservative was stimulated by information from Dr. Jonas Salk? concerning 
the deterioration in antigenicity of some poliomyelitis virus vaccines which con- 
tained Merthiolate. When these preserved vaccines were subjected to in- 
creased temperatures in the incubator or to shipping conditions during the sum- 
mer, the protective value of the vaccine was severely reduced in many in- 
stanees. Although there was a significant variation of the effect of Merthiolate 
in the various vaccines, this preservative appeared to be deleterious to the vac- 
eine. Either the Merthiclate had an unexpected direct action on poliomyelitis 
virus vaccine, or an unexpected set of conditions were being encountered in 
which Merthiolate was being degraded and was being rendered destructive to 
antigenicity.® 
The antiseptic activity of Merthiolate (ethylmercurithiosalicylie acid, 
sodium salt) can be attributed to a partial ionization of the compound to give 
a low but effective level of ethyl mercuri ion (C,H;H,*), which blocks enzymatic 
processes by combining with sulfhydryl groups on the enzymes. This ionization 
is represented by the following equilibrium reaction: 


(\ co. (\ co.- 


oe + + C.H;H,* 


in 


\4 SH,C.H; \J SH 
The value of Merthiolate as a preservative over C.H;H,OH depends upon 
the fact that it provides a reservoir of C.H;H,* at low concentration. The con- 
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centration of thiosalicylate ion obviously controls the level of free C.H;H,* in 
the solution. A study of some of the factors which affect the stability of 
thiosalicylate and Merthiolate in solution has made it possible to solve the 
problem of the apparent incompatibility of Merthiolate and poliomyelitis vaccine. 


MATERIALS AND METHODS 


Merthiolate-—Merthiolate, 10 per cent aqueous solution, Mfg. Lot 606083, was kept in 
an amber-glass bottle under refrigeration as a stock solution. 

Water.—Glass redistilled water was used for the physical and chemical studies in order 
to minimize the effects of trace metal ions. 

Chemicals.—Analytical reagent grade chemicals were used for buffer salts and for 
reagents throughout, except as otherwise indicated. Triglycine and O,O’ dicarboxydiphenyl 
disulfide were prepared by the Lilly Laboratories. 

Various Monovalent and Trivalent Poliomyelitis Virus Vaccines——These were supplied 
by the Biological Production Division of this company. The vaccines were prepared from 
the Mahoney, MEFI, and Saukett strains of virus propagated on monkey kidney tissue 
culture, with subsequent inactivation of the virus by Formalin. The residual formaldehyde 
in some vaccines was neutralized according to the methods used by Salk+; such vaccines 
were referred to as ‘‘neutralized.’’ The neutralization procedure was omitted in the prepara- 
tion of the vaccines referred to as non-neutralized. Some vaccines, neutralized and non- 
neutralized, had Merthiolate added in various concentrations. Various vaccines containing 
Merthiolate included additives such as gelatin and glycine, whereas others had the trisodium 
salt of ethylene diamine tetra-acetic acid (EDTA). The vaccines were tested before and 
after heating at 37° C. for various periods, generally up to 14 or 15 days. 

Assay of Merthiolate in Solution.—Relative concentrations of Merthiolate were deter- 
mined by comparing the ultraviolet: absorbance of the solution at 250 and 280 my with the 
spectrum of a Merthiolate solution of known concentration. This control sample was used 
in each series of measurements. The ultraviolet spectra were determined with a recording 
spectrophotometer.* 

Effects of Trace Metal Ions on Merthiolate-——An accelerated test to study the effects 
of different compounds on Merthiolate simply required holding the sample at elevated 
temperatures. The buffered solutions (pH 7.0 potassium phosphate or pH 8.7 sodium 
bicarbonate) containing 0.01 per cent Merthiolate and the compound expected to influence 
its stability were sealed in glass ampules. The ampules were heated in a boiling water bath 
for specified times. After chilling, the samples were diluted and subjected to ultraviolet 
analysis. Appropriate control samples were used simultaneously. 

Assay of Merthiolate in Polio Vaccine.—Detection of subtle changes in the Merthiolate 
in vaccine required its extraction from the vaccine. Five milliliters of vaccine was acidified 
wth 0.2 ml. of 12 N HCl and extracted with 5 ml. of freshly distilled ether. After 
removal of the ether layer, the aqueous layer was again extracted with 2 ml. of ether. The 
combined ether solutions were shaken with 5 ml. of 1 per cent NaHCO,;. This bicarbonate 
solution was used for ultraviolet analysis. 

Assays of Antigenicity—In order to expedite immunologic tests of antigenicity of the 
various vaccines, considerable early use was made of the type 2 component and a one-dose 
mouse test. Information concerning the utility of this test was forwarded to us by Drs. 
Jonas Salk and Ulrich Krech,5 prior to its formal publication by Krech.é A similar test for 
types 1 and 3 was developed by Powell and Culbertson.? Serum-virus neutralization tests 
against all three types of virus also were made in mice.’ These sera were obtained from 
mice 1 week after 3 weekly doses of vaccine. 

The challenge viruses which we have used in the one-dose mouse immunity tests of 
different poliomyelitis vaccine preparations (for example, special Mahoney, MEF, and Leon 
strains) have already been described.?7 Mahoney, Lansing, and Leon strains were used in 
serum-virus neutralization tests conducted in mice.§ 


*Model 11 Cary. 
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Comparative Bacteriostatic and Fungistatic Action—Some of the above lots of polio- 
myelitis vaccine preserved with Merthiolate in the presence of EDTA and glycine were 
utilized in comparative bacteriostatic and fungistatic tests. Test organisms included a 
laboratory strain of Staphylococcus awreus and four strains of fungi kept in these 
laboratories for use in chemotherapy tests. Such bacteriostatic and fungistatic tests were 
deemed necessary to prove the efficacy of Merthiolate as a preservative in the vaccine in the 
presence of these additives. 


Effects of Thiosalicylate Ion on Fungicidal Activity of Merthiolate-—One hundred- 
ten-milliliter culture tubes containing sterile Sabouraud media were treated with 1 ml. of the 
test solutions before inoculation with a mixture of 13 yeasts. The tubes were left at room 
temperature and observed at intervals for signs of growth. 
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Fig. 1.—Ultraviolet spectra of 1.23 xX 10-4M aqueous Merthiolate solutions determined at pH 
7 and 10 (Curve I) and at pH 2.0 (Curve II). 


EXPERIMENTAL RESULTS 


The Ultraviolet Absorption Curves of Merthiolate—These are shown in 
alkaline, neutral, and acid solution in Fig. 1. Although the spectrum at neutral 
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pH does not have characteristic maxima and minima, the absorption is sufficiently 
intense to make ultraviolet absorption a feasible method of detecting Merthiolate 
in a solution if control solutions of known composition are used as standards. 

The changes in the ultraviolet spectrum of Merthiolate resulting from 
heating the solutions in the presence of 1.0 p.p.m. Cu** for various periods are 
illustrated in Fig. 2. This degradation of Merthiolate, as indicated by the 
reduced absorption near 250 my, was also proportional to the amount of Cut 
present in the solution. Sufficient amounts of metal ions were present in glass 
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Fig. 2.—Effect of Cu++ on Merthiolate solutions. Changes in the ultraviolet spectrum of 
Merthiolate which demonstrate the chemical degradation of the compound. Merthiolate, 1.23 x 
10-4M, in 0.04M phosphate buffer, pH 7.0, and with 1 p.p.m. Cut++ was heated at 100° C. in 
sealed ampules for 5, 15, and 30 minutes (Curves I, II, and III, respectively). Curve V shows 
the spectrum before and after 30 minutes heating when 0.01 per cent EDTA was added to 
chelate the added Cu ++. Curve IV resulted from heating 1.23 x 10-4M C2HsH¢gCl and 0.62 xX 
10-4M O,O’ dicarboxydipheny]! disulfide for 30 minutes. 





redistilled water and analytical reagent grade chemicals to catalyze this break- 
down at 100° C. The ferric ion had less than 1 per cent of the catalytic effect 
of the cupric ion. 
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The ultraviolet absorption curve of the degraded Merthiolate was essen- 
tially reproduced by warming a solution of ethylmercurie chloride and O,O' 
dicarboxydipheny] disulfide at pH 7.0. (Curve IV of Fig. 2.) This indicates 
that Cu** catalyzes the oxidation of thiosalicylate to the disulfide under these 
conditions. 

After the addition of stoicheiometric quantities of EDTA to chelate the 
cupric ion, the Merthiolate remained stable in boiling water for prolonged 
periods. The ultraviolet spectra before and after 30 minutes of heating are 
reproduced as Curve V in Fig. 2. Although only one curve is shown, the 
spectrum of the heated sample coincided exactly with the unheated Merthiolate. 
Glycine afforded some protection against the effects of Cu** but less than 5 per 
cent as effective as EDTA. Triglycine and gelatin were nearly inactive as 
stabilizing agents. 

In order to determine the unchanged Merthiolate remaining in vaccines, 
the preservative was extracted from the acidified vaccine with freshly distilled 
ether. After shaking the ether solution with a bicarbonate solution, the aqueous 
phase was subjected to ultraviolet analysis. Typical ultraviolet spectra of 
samples extracted from vaccines subjected to different treatments are shown in 
Fig. 3. Freshly added Merthiolate was readily extracted from the vaccine 
(Curve I). When the preserved vaccine had been incubated for two weeks at 
37° C., very little Merthiolate remained in an ether extractable form (Curve IT). 
In fact, the ether soluble material was very nearly the same as that from the 
fresh vaccine without preservative (Curve III), indicating that the thiosalicylic 
acid, the ultraviolet absorbing structure of Merthiolate, had been changed to 
an ether insoluble compound. The addition of the EDTA at the same time 
as the Merthiolate, however, prevented the accelerated breakdown of the 
preservative. The ultraviolet absorbing material of this sample (Curve IV) 
after three months at 37° C. was quite similar to that of freshly added Merthi- 
olate (Curve I), but at a reduced concentration. Curve V was from a sample of 
the same vaccine as used for Curve IV, but this vaccine was stored for three 
months at 5° C. 

Stability of Type 2 Vaccine Component in One-Dose Mouse Tests.— 
Information gained from numerous exploratory tests led to the establishment of 
comparative immunity and stability tests of the type 2 component in trivalent 
poliomyelitis vaccine treated under controlled conditions as follows: vaccine 
produced, inactivated, and neutralized in the regular wave was divided into 
three samples. The first sample was used as the control without further treat- 
ment. Merthiolate was added to the second sample at a concentration of 1 :10,000 
(0.000247 molar). To the third portion were added Merthiolate at 1:10,000 
and EDTA, trisodium salt, at a concentration of 0.00247 molar. After various 
periods of heating at 37° C. to accelerate deterioration, single 0.5 ml. doses of 
the various vaccines in fivefold dilutions were injected intraperitoneally into 
different groups of 10 mice. Three days later, these mice were given a challenge 
dose of 0.1 ml. of special MEF! poliomyelitis virus intravenously. This dose, 
established by previous titrations, was intended to be about 10 PD,,, and 
was sufficient virus to kill or paralyze from 7 to 10 of a group of 10 normal 
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mice, included in every test. Furthermore, one-tenth of this challenge dose 
was sufficient usually to kill from 2 to 6 of another group of 10 normal mice. 
Precise determination of exact number of PD; of virus used in each test is 
not necessary if the challenge dose is maintained in these limits. Seven days 
after the injection of the challenge virus, final readings were made and recorded 
in terms of mice appearing normal. 
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Fig. 3.—Stabilization of Merthiolate in vaccine. Ultraviolet spectra of bicarbonate solu- 
tions containing the ether-extractable material from acidified vaccines. When Merthiolate was 
used, the initial concentration was 0.01 per cent. Curve I, Freshly added Merthiolate. Curve 
II, Vaccine incubated 2 weeks at 37° C. with Merthiolate. Curve III, Unpreserved vaccine. 
Curve IV, Vaccine with Merthiolate and EDTA after 3 months at 37° C. Curve V, Vaccine 
with Merthiolate and EDTA after 3 months at 5° C. 


Results of these first tests are shown in Table I. The unheated and 
undiluted vaccine protected 10 of 10 mice, and vaccine diluted 1:5 protected 
5 of 10 mice against the challenge dose of virus which killed (or paralyzed) 
9 of 10 controls. Samples of all three vaccines heated for 5 or 10 days, respec- 
tively, at 37° C. were included in this same test. It is noted from these results 
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that the vaccine sample preserved with Merthiolate 1:10,000 (vaccine 2684-B), 
has lost all of its type 2 potency after 10 days’ heating. Vaccine without 
preservative (2684-A) and vaccine with Merthiolate and EDTA (2685-B) 
appear practically unaffected by heating. Subsequent tests of vaccine heated at 
37° GC. for eleven and fifteen days and certain repeat tests of vaccine heated 
fifteen days as indicated in Table I, gave the same general results; in other words, 
by using the type 2 component of trivalent vaccine as an index of stability, 
Merthiolate causes deterioration in potency, but the vaccine containing EDTA 
in addition to the Merthiolate immunizes as well as the unpreserved vaccine. 
Thus it became apparent in the early stages of this work that degradation 
products of Merthiolate, and not the Merthiolate molecule, were responsible 
for the loss of potency of the poliomyelitis vaccine. 


TABLE I. STABILITY OF TYPE 2 COMPONENT OF TRIVALENT POLIOMYELITIS VACCINE ASSAYED 
BY ONE-DoSsE MouSE TEST 








| NORMAL MICE/MICE USED, SEVEN DAYS AFTER 
| CHALLENGE 








| l 15 15 15 
DAYS | DAYS] DAYS 
0 5 10 1] 15 (RE- | (RE- | (RE- 
VACCINE DILUTION | DAYS | DAYS | DAYS | DAYS | DAYS |PEAT) | PEAT) | PEAT) 

2684-A Str. 10/10 — 7/10 —— 9/10 - — — 

No Merthiolate 135 5/10 — 5/10 — 7/10 — — 6/9 
1:25 — — — — — — 4/10 5/10 

1:125 — — — —- — — 1/10 — 

2684-B Str. — aa 1/10 —~ 1/10 —o — —- 

Merthiolate a25 — oo 1/10 —- 1/10 — — — 

1:10,000 1:25 — — — — — — — — 

1:125 — — — — _— — — — 

2685-B Str. —_— 7/10 — 8/10 oo 5/9 noe — 
Merthiolate 1:5 a 8/10 — 8/10 — 7/10 a 6/10 
1:10,000 1:25 — — — _— -- — 6/10 7/10 

EDTA 0.00247 M 1:125 — — — -- - — 4/10 — 
Virus virulence 1 challenge 1/10 1/10 1/10 0/10 0/10 2/10 3/10 0/10 

controls dose 
0.1 challenge 7/10 7/10 7/10 2/10 2/10 8/10 7/10 5/10 
dose 





Different groups of 10 mice each received a single intraperitoneal dose of 0.5 ml. of the 
indicated vaccine dilutions and 3 days later were challenged intravenously with 0.1 ml. of 
10-1 virus. The vertical columns indicate results with vaccines heated at 37° C. for various 
numbers of days. 


Many different production lots of vaccine were tested for comparative type 
2 response in mice using the same triad of samples (vaccine alone, vaccine with 
Merthiolate, and vaccine with Merthiolate and EDTA) and different periods of 
heating. These tests proved to be feasible and rapid in assessing various produc- 
tion methods in large seale preparation of vaccine. 

Stability Tests of All 3 Components of Neutralized Trivalent Vaccine in 
N.I.H. Three-Dose Mouse Tests—The results just described from the one-dose 
mouse tests with the type 2 component in trivalent poliomyelitis vaccine have 
been duplicated in the N.I.H. three-dose vaccine test in mice in which immunity 
against all 3 types of virus is determined. In these tests, groups of 20 mice 
are injected with 3 weekly intraperitoneal doses of 0.5 ml. of vaccine in fivefold 
dilutions, and one week after the third dose the mice are bled and the pooled 
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sera from the groups are subjected to serum-virus neutralization tests in 
additional mice. Serum-virus dilutions involving types 1 and 3 are injected 
intraspinally into groups of 10 mice for each serum dilution; but for type 2 
virus, the serum-virus dilutions are injected intracerebrally into similar groups 
of mice. Test doses of virus per mouse comprise about 10 PD; for types 1 
and 3 and about 40 PD; for type 2. After final reading of the tests, the serum 
dilution saving 50 per cent of the mice is computed. Table II gives the results 
of this test applied to the same three heated vaccines tested previously by the 
one-dose test. In Table IT it is noted that vaccine 2684-A after 15 days at 37° C. 
and without preservative immunizes mice sufficiently to show definite serum 
antibody titers to all three types of virus. Contrastingly, vaccine 2684-B heated 
with Merthiolate 1:10,000 does not immunize appreciably. However, when 
0.00247 molar EDTA is added to Merthiolate 1:10,000 vaccine 2685-B, normal 
immunization of the mice against all three types of virus is attained with the 
heated vaccine. Thus, it has again been demonstrated that the addition of 10 
moles of EDTA per mole of Merthiolate prevents the decrease in protective 
value of the poliomyelitis vaccine resulting from the addition of Merthiolate 
alone. 


TABLE II. STABILITY OF TRIVALENT POLIOMYELITIS VACCINE ASSAYED BY MOUSE 
IMMUNIZATION AND SERUM NEUTRALIZATION TESTS’ 








SERUM-VIRUS NEUTRALIZATION TEST OF SERUM 
FROM MICE IMMUNIZED AS SHOWN IN 
COLUMN 2 
(COMPUTED SERUM DILUTION PROTECTING 
50% OF MICE) 





THREE WEEKLY 
VACCINE (HEATED 15 DOSES OF 0.5 ML. 











DAYS AT 37° C.) VACCINE DILUTED TYPE 1 | TYPE 2 | TYPE 3 
2684-A ~ Undiluted 16.8 6.3 8.6 
No Merthiolate 13 7.5 5.6 5 
2684-B Undiluted <4 <4 <4 
Merthiolate 1:10,000 125 <4 <4 <4 
2685-B . as 

EEG eee Undiluted 19.4 7.3 8.5 
Merthiolate 1:10,000 + 1:5 45 43 6.0 


EDTA 0.00247 M 


*Tests made as described by N. I. H. Minimum Requirements. 





Stability of Trivalent Vaccine Including Different Concentrations of 
Merthiolate Without EDTA.—In similar experiments, it was observed that the 
type 1 component in neutralized trivalent poliomyelitis vaccine falls in potency 
somewhat faster in heat stability tests of vaccine preserved with Merthiolate 
alone than the types 2 and 3 components. At a concentration of 1:10,000, 
Merthiolate causes severe damage to the type 1 component and partial damage 
to the type 2 component after 5 days of heating at 37° C. Only slight loss 
in antigenicity of type 1 occurs during the same period if 1:20,000 Merthiolate 
is used, whereas 1:40,000, 1:50,000, and 1:100,000 are nearly without effect. 
However, if the period of heating is increased to 15 days, 1:100,000 Merthiolate 
‘auses appreciable loss of potency of the type 1 component. 


Effects of Different Concentrations of EDTA.—In earlier experiments, 10 
moles of EDTA were used for each mole of Merthiolate. Since the optimum 
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concentration of the stabilizing agent may he related to the amount of heavy 
metal ions in the solution and not to the amount or concentration of Merthiolate, 
experiments were conducted to determine the margin of safety which a concen- 
tration of EDTA of 0.00247 M would have in stability tests of 2 weeks at 37° C. 
under the conditions surrounding the preparation of vaccine in these labo- 
ratories. For this purpose, three fivefold decreasing concentrations of EDTA 
(0.00049 M, 0.000098 M, and 0.000019 M, respectively) were used in three lots 
of vaccine which were heated for 7 and 14 days at 37° C. Potency of the type 
2 component in these three vaccines was determined by the one-dose vaccine 
test in mice with direct challenge 3 days later. The results are shown in Table 
III. If 5 to 10 mice of groups of 10 live, the vaccine is considered reasonably 
immunogenic. It appears, especially from the results in the 14 day column, 
that EDTA 0.000019 M, or 0.08 mole per 1 mole Merthiolate, is not sufficient, 
whereas 0.000098 M, or 0.4 mole EDTA per 1 mole Merthiolate is the minimal 
concentration of stabilizing agent necessary. This amount is one-twenty-fifth 
the amount used in the test described above; hence, there is a twenty-fivefold 
safety factor in terms of stability of the type 2 component in the vaccine. Since 
the type 1 component is somewhat more labile than the type 2, this safety factor 
would be less, but still adequate, for type 1. EDTA, 0.00247 M, alone added to 
neutralized vaccine has not been found to affect the poteney of the vaccine 
when heated at 37° C. for 15 days. 


TABLE III. EFrrect oF CONCENTRATION OF EDTA on HEAT STABILITY OF TYPE 2 COMPONENT 
OF POLIOMYELITIS VACCINE PRESERVED WITH MERTHIOLATE 1:10,000 














MOLES l 
EDTA PER 
MOLE NORMAL MICE/MICE USED 
MERTHI- DIL. OF J DAYS AFTER CHALLENGE 
VACCINE EDTA OLATE VACCINE | 0 DAYS | 7 DAYS | 14 DAYS” 
2751 None (also no Str. 10/10 — re 
(Parent lot)* Merthiolate ) — 1:5 5/10 — — 
1:25 ~- ~= — 
2759-A Str. — 10/10 — 
Merthiolate 1:10,000 0.00049 M 2 1:5 — 8/9 5/10 
1:25 — 9/9 4/10 
2759-B Str. -- 10/10 — 
Merthiolate 1:10,000 0.000098 M 0.4 1:5 — 10/10 7/10 
1:25 — 10/10 3/10 
2759-C Str. —- 9/10 - 
Merthiolate 1:10,000 0.000019 M 0.08 135 — 9/10 2/10 
1:25 — 7/10 2/10 
Virus virulence 1 challenge dose 1/10 2/10 1/10 
controls 0.1 challenge dose 7/10 7/10 5/10 





One-dose mouse test used for assay. Columns at right show days of heating of vaccine 
at 37° C. prior to immunization. 
*Same vaccine as 2684-A in Table I where heat stability is shown. 


Gelatin at 1:1,000 and 0.3 M glycine were also tried as a protective agent 
for the vaccine. Although some stability was afforded by these compounds, 
14 days of incubation at 37° C. caused an appreciable loss of activity in these 
vaccines. 





pieaitaaaer 
+ «athe 


: pre Me Ce 
ADRS OE key 








Volume 47 PRESERVATION OF POLIOMYELITIS VACCINE Le 


Number 


Lack of Stability of Nonneutralized Vaccines Containing Mertholate and 
EDTA.—The excess formaldehyde in all the vaccines referred to above had 
been neutralized with sodium bisulfite. Vaccine preparations similar to those 
referred to above, but comprising ‘‘nonneutralized’’ samples, have been used in 
parallel stability tests similar to the heating experiment indicated with the 
neutralized vaccines. In contrast to the neutralized vaccine, the nonneutralized 
vaccines with the Merthiolate preservative and EDTA suffer a loss in potency 
in heat stability tests at 37° C. It is believed these results are so consistently 
negative, either at 7 or 14 days’ heating, that detailed results need not be 
tabulated here. It is impractical to use nonneutralized nonpreserved polio- 
myelitis vaccine since the residual formaldehyde per se causes loss of anti- 
genicity (first of the type 1 component, then of the other types) and this is 
readily demonstrable in stability tests conducted at 37° C. Furthermore, such 
vaccine does not show inhibitory action against mold growth. 


On the Lack of Interference of EDTA on Antiseptic Action of Merthiolate.— 
Tests were conducted to determine if addition of EDTA along with Merthiolate 
to poliomyelitis vaccine, as has been described for the stabilization of the 
vaccine solution, would affect the otherwise strong antiseptic activity of Mer- 
thiolate.? Serial dilutions of various samples of poliomyelitis vaccine containing 
Merthiolate 1:10,000 (0.000247 M) and varying EDTA concentrations were 
made in Pen assay broth, and 0.1 ml. of a 24-hour broth culture of Staphylococcus 
aureus was planted into 5 ml. amounts of these dilutions. Readings of turbidity 
were made after 24 hours’ incubation at 37° C. Concentrations of EDTA from 
1 to 100 moles per mole of Merthiolate did not affect the antistaphylococcal 
bacteriostatic action of Merthiolate. A second reading at 85 hours showed the 
same results as the 24-hour reading except in one tube which showed some 
growth in the presence of 1:1,600,000 Merthiolate. 


Additional tests were done against certain fungi, with the same general 
result as follows: Dilutions of vaccines, both neutralized and nonneutralized, 
containing EDTA (0.00247 M), glycine (0.3 M), and EDTA and preserved 
with Merthiolate 1:10,000 were made up in medium 199; similar dilutions of 
Merthiolate 1:10,000, alone, were made up in medium 199. These serial doubling 
dilutions were planted with a heavy dose of spores of Penicillium frequentis, 
Fusarium moniliforme, Mucor genevensis, and Aspergillus niger. The tubes 
were left standing at room temperature for 10 days before readings were made. 
Spore controls in medium 199 grew out in 1 or 2 days. The fungistatie titers 
of the preparations containing Merthiolate and EDTA were the same as those 
without EDTA. These data agreed with our results on the antifungal action 
of Merthiolate published in 1934.9 It appears there is no suppression of the 
fungistatic or bacteriostatic activity of Merthiolate by EDTA. 


Effect of Thiosalicylate Ion on Merthiolate-—Twenty-five parts per million 
of Merthiolate completely inhibited growth of a mixture of 13 yeasts in 
Sabouraud media for 14 days. The addition of 8 x 10° M thiosalicylate ion 
sufficiently reduced the fungistatie activity of Merthiolate at 100 parts per 
million for growth to appear after seven days. Although the rate of growth 
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of yeasts in the tubes containing the sodium thiosalicylate and Merthiolate was 
inversely proportional to the amount of Merthiolate used, the addition of 
thiosalicylate ion prevented complete inhibition of growth by concentrations 
of Merthiolate otherwise fungistatic. This lends support to the mechanism 
expressed by Equation I, since a high concentration of thiosalicylate ion would 
reduce the concentration of C,H;H,"*. 


DISCUSSION 


Very early in the use of Merthiolate as an antiseptic for human applica- 
tion, it beeame apparent that the shelf life of this drug could be deleteriously 
affected if trace amounts of copper (from one-half part to two parts or more 
per million) by chance might be included in the solvent. Copper, in this 
instance, was found to catalyze the oxidation of Merthiolate to ethyl mereuri 
hydroxide and related degradation products (all more caustic than the Mer- 
thiolate molecule) perhaps a hundredfold, or more, faster than was the case 
in solutions nearly entirely free of copper. The marketed antiseptic solution 
has, in the past, been stabilized with ethylene diamine and ethanolamine. These 
two compounds, however, were ineffective in protecting the poliomyelitis vaccine 
from the deleterious effects of the preservative. 

Biologic materials usually contain sufficient amounts of proteinaceous ma- 
terials (broth, peptone, serum proteins, and amino acids) to adsorb trace amounts 
of heavy metals, especially copper, which are usually present at low levels. In 
these biologics, Merthiolate, added as a preservative, is not usually subjected 
to degradation. Also, the extra protein probably offers some protection against 
the breakdown products of Merthiolate. Unusual amounts of heavy metals or 
low content of protein (or both these conditions) in a vaccine would warrant 
attention regarding vaccine stability toward the preservative. Poliomyelitis 
trivalent tissue culture vaccine contains very small amounts of nitrogenous 
substances, (about 0.35 mg. total nitrogen per milliliter) of which 0.25 mg. is 
derived from medium 199. This lack of protection afforded by an excess of 
protein offers a possible explanation to the sensitivity of the poliomyelitis vac- 
cine degradation by nonstabilized Merthiolate. 

Although the procedures for poliomyelitis vaccine production are rigidly 
controlled, the amount of heavy metals in the finished vaccine could vary several 
fold without being present in concentrations detectable by normal analytic 
methods. To insure against the degradation of the Merthiolate in poliomyelitis 
vaccines, our vaccine has a 25-fold excess of EDTA added over the minimum 
concentration, which gives complete stabilization of this Salk poliomyelitis 
vaccine. 

The failure of EDTA to prevent the loss of potency of the vaccine which 
has excess formaldehyde and Merthiolate may be due to a sensitization of the 
virus particle to formaldehyde by the very low concentration of C.H;H,* 
formed in the dissociation of Merthiolate. Since residual formaldehyde alone 
weakens the potency of the incubated vaccine, it was deemed necessary to 
neutralize the excess formaldehyde in all the poliomyelitis vaccine. 
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SUMMARY 


1. Solutions of Merthiolate are stable to prolonged periods of heating when 
traces of cupric ion are removed. 

2. Trivalent poliomyelitis virus vaccine produced in monkey kidney tissue 
culture may be satisfactorily preserved with Merthiolate if the trisodium salt 
of ethylene diamine tetra-acetie acid is added. 

3. The protective antigenicity of the vaccine against the three types of 
virus is maintained in accelerated aging tests at 37° C. for two weeks. 

4. The antibacterial and antifungal actions of this preservative are not 
diminished by the addition of EDTA. 
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PREPARATION OF GLYCYRRHIZINIC ACID, THE ELECTROLYTE- 
ACTIVE PRINCIPLE OF LICORICE: ITS EFFECTS UPON 
METABOLISM AND UPON PITUITARY-ADRENAL 
FUNCTION IN MAN 
LAWRENCE H. Louis, Sc.D., AND JEROME W. Conn, M.D. 

ANN ARBOR, MICH. 


N 1946 Revers' observed that many patients suffering from peptic ulcer were 
benefited by ingesting a crude, watery extract of licorice. He noted, too, 
that about 20 per cent of the patients so treated gained weight and developed 
edema of the ankles. Molhuysen and associates* extended this work and 
demonstrated that licorice extract when given orally to normal persons causes 
retention of sodium and chloride as well as excretion of potassium. Groen and 
co-workers® and Card and associatest reported beneficial effects in patients 
with Addison’s disease fed licorice extract, but upon this point there was 
lack of agreement.” ° 

Recently Borst and associates’ have put forth the hypothesis that licorice 
is active only in the presence of a small amount of glucocorticoid. They ob- 
served in patients with Addison’s disease that licorice was without effect but 
that doses of cortisone (2.5 mg.) would restore partially the electrolyte activity 
of the licorice. When 10 mg. of cortisone was given with licorice, the electro- 
lyte effect of the latter was wholly restored. 

The fact that the DOC-like effects of different commercial preparations 
of licorice are dissimilar could explain some of the apparently contradictory 
results. Attempts to fractionate and identify the active principle were not 
successful.** As far as we are aware, no chemically pure compound or com- 
pounds isolated from licorice have been studied except that reported recently 
by Pelser and associates.’ They administered 6 Gm. of pure glyeyrrhizinie acid 
(4 Gm. on the first day and 2 Gm. of the pure substance plus 2 Gm. of a crude 
preparation on the second day) to a patient with Addison’s disease and ob- 
served significant retention of sodium and chloride. 

The purpose of the present communication is to outline a simple method 
for the isolation of pure ammonium glycyrrhizinate in large yield from licorice 
extract and to report upon the metabolic and physiologic efltects of this com- 
pound in man. The subjects of this investigation consisted of seven normal 


From the Division of Endocrinology and Metabolism, Department of Internal Medicine, 
University of Michigan Medical School, Ann Arbor, Mich. 

Supported in part by the Jerry Tobias Metabolism Research Fund of the University of 
Michigan. 

Presented in part at the er: ile Annual Meeting of the Central Society for 


Clinical Research, Chicago, Oct. 29, 195 
Received for publication Aug. 1, 1955. 


20 





| 
| 
i 
/ 
| 
RG 
Eu 





aha ket Co a ea 








er +f PREPARATION OF GLYCYRRHIZINIC ACID pA 
umber 


persons, two patients with congenital adrenal hyperplasia, and one patient 
with Cushing’s syndrome due to bilateral adrenal hyperplasia (demonstrated at 
subsequent operation). 


METHODS 


1. Preparation of Ammonium Glycyrrhizinate.—The procedure of isolation of ammonium 
glycyrrhizinate from licorice is a modification of the method of Bergmann.’ To 1.5 L. of 
hot glacial acetic acid (60° to 70° C.), 400 Gm. of ammoniated glycyrrhizin* is added slowly, 
as the mixture is vigorously stirred. After it has been stirred for about one hour at 60° to 
70° C., the solution is allowed to stand at room temperature for a day or two. The mixture 
is filtered through a large Buchner funnel and washed with cold glacial acetic acid and 
finally with anhydrous ether, 

The dark amorphous precipitate is placed in an evaporating dish and allowed to dry 
in a vacuum desiccator. After the material is somewhat dried, it is dissolved in 600 ml. of 
hot 80 per cent ethyl alcohol and heated in a steam bath for fifteen to twenty minutes. 
The solution is then placed in the refrigerator overnight for crystallization. 

The semicrystalline solid is filtered through a Buchner funnel and recrystallized four 
or five times in 80 per cent ethyl alcohol. The brown color is removed by boiling the 
solution with norit several times during the purification process. The yield is 20 to 22 Gm. 
From the alcoholic filtrate, an additional 10 to 15 Gm. of the pure substance is obtained. 
The product is a snow-white crystalline substance and has the typical licorice taste. The 
formula and analysist of the compound are given in Fig. 1. 


CaghgiOi@NHa 
CALCD. FOUND 
C 60.08 C 59.97 
H 7.78 H 7.92 
N 1.68 N 1.80 
30 
29. COOH 
eon 
c=0 
Os 
m 
HO 4 07 
GLYCYRRHETIC ACID 11-DESOXYCORTICOSTERONE 
(RUZICKA-JEGER) 


Fig. 1.—Analysis of ammonium glycyrrhizinate. 


2. Experimental Subjects and Procedure.—Three men and four women constituted the 
group of normal subjects. They, as well as the patients (two girls with congenital adrenal 
hyperplasia and one woman with Cushing’s syndrome), ingested a constant diet of average 
composition. In accordance with the rule of this laboratory, the subjects ingested the diet 
for at least three days before control data were obtained. 

After a suitable control period had been obtained, ammonium glycyrrhizinate was 
administrated orally four times daily (8 a.M., 12 M., 6 P.M., and 11 P.M.). The amounts 


*The Polychemical Company, New York, N. Y. 
¢Schwarzkoph Microanalytical Laboratory, Long Island, N. Y. 
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administered and the duration of administration of this active compound are indicated in 
the various figures. Fasting blood sugar, hematocrit, total circulating eosinophil cells, 
blood pressure, and body weight were determined daily. Glucose tolerance tests were per- 
formed before, during, and following administration of the compound. Serum sodium, 
potassium, and chloride were determined at frequent intervals. Total daily urinary excre- 
tion of sodium, potassium, chloride, glucose, uric acid, nitrogen, and 17-ketosteroids was 
determined. A series of samples of thermal sweat were collected from two of the normal 
subjects. These were analyzed for their electrolyte composition. 

The chemical methods used in the various determinations have been described 
previously.®, 10 Sodium and potassium were determined in a Beckmar flame photometer. 


RESULTS 

1. Effects of Ammonium Glycyrrhizinate Upon Organic Metabolism.—In 
none of the ten subjects studied was any significant effect observed upon pro- 
tein or carbohydrate metabolism; nor was any effect demonstrated upon the 
renal excretion of uric acid and creatinine or upon the level of circulating 
eosinophils. 

2. Effect of Ammonium Glycyrrhizinate Upon Electrolyte Metabolism.— 
Here very significant effects were demonstrable on all normal subjects although 
considerable variation in the intensity of effects was observed from subject 
to subject. 

The data on four of the normal subjects (typical of all) are presented in 
Figs. 2 to 5. The most intense effect is upon retention of sodium and chloride. 
In contrast with the findings of the Dutch workers,” we observed only a small 
excretion of extra potassium. Upon withdrawal of ammonium glyeyrrhizinate, 
there occurred slight retention of potassium and great loss of sodium and 
chloride. Body weight did not return to original levels for five to seven days 
following cessation of administration of the compound. 

The patient with Cushing’s syndrome retained sodium and chloride and 
lost potassium when given the compound, as did the normal subjects. It is 
of considerable interest that no effect of ammonium glycyrrhizinate upon 
electrolyte metabolism was demonstrable in either of the cases of congenital 
adrenal hyperplasia. Yet in all three situations (normal subjects, Cushing’s 
syndrome, and congenital adrenal hyperplasia), the compound appears to 
depress endogenous ACTH (see following). 

3. Effect of Ammonium Glycyrrhizinate Upon Excretion of 17-Keto- 
steroids—In these experiments it was demonstrated repeatedly that 17-keto- 
steroid excretion could be depressed by administration of the compound. 
This phenomenon was observed most clearly in normal subjects with high 
levels of 17-ketosteroid excretion and in the patients with congenital adrenal 
hyperplasia. 

The effect of ammonium glycyrrhizinate on the renal excretion of 17- 
ketosteroids on three normal subjects, the two patients with adrenogenital 
syndrome, and the case of Cushing’s syndrome is presented in Figs. 6 to 9. 

Fig. 6 demonstrates that administration of the compound produees a 
significant decrease of urinary 17-ketosteroids in normal persons, Clearly, 
this is not the degree of depression which can be produced by administration 
of some adrenocortical compounds. Of the remaining four normal subjects 
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(Figs. 2 to 5), three showed a decrease of 17-ketosteroid excretion while one 
showed no change (Fig. 5). In the latter case control values were below 5 mg. 
per day. 
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Figs. 2 and 3.—Effect of ammonium glycyrrhizinate on the renal excretion of sodium, chloride, 
. potassium, and 17-ketosteroids. 


94 LOUIS AND CONN J. Lab. &. Clin. Med. 
January, 1956 


muon 


« 
meq/DAY 


cL 
meq/DAY 


NA 
meq/DAY 


GLYCYRRHIZINATE 
CONTROL sie 4q/DAY 





Fig. 4. 


BODY wT. 
Kg 


(7-KS 
mg/DAY 


« 
meq/DAY 


cL 
meq/DAY 


NA 
meq/DAY 


CONTROL 





Fig. 5. 





Figs. 4 and 5.—Effect of ammonium glycyrrhizinate on the renal excretion of sodium, chloride, 


potassium, and 17-ketosteroids, 
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In the case of congenital adrenal hyperplasia with very high levels of 
17-ketosteroids (Fig. 7), the depressing effect of the compound is much more 
clearly demonstrated. It is equally clear that 120 mg. of cortisone (30 mg. 
orally every six hours) is considerably more effective in this respect. 

The second case of congenital adrenal hyperplasia (Fig. 8) shows the 
effect on 17-ketosteroid excretion of increasing doses of ammonium glycyrrhi- 
zinate. Again the reduction of urinary 17-ketosteroids is evident. 

In the case of Cushing’s syndrome with normal base-line values for 17- 
ketosteroids (Fig. 9), administration of the compound for seven days (left 
side of the figure) and again for thirty-one days (right side of the figure) 
reduced 17-ketosteroid excretion only mildly, but definitely. 
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Figs. 6 and 7.—Effect of ammonium glycyrrhizinate on the renal excretion of 17-ketosteroids. 
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Fig. 10.—Effect of ammonium glycyrrhizinate on sweat electrolytes, 
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4. Effect of Ammonium Glycyrrhizinate Upon Electrolyte Composition of 
Thermal Sweat.—Since those adrenal steroids which exhibit intense sodium- 
retaining activity influence significantly the electrolyte composition of thermal 
sweat,!°!4 the effect of ammonium glycyrrhizinate in this respect was explored. 
lig. 10 demonstrates that the results are those which would be expected of a 
potent sodium-retaining adrenal cortical steroid. On Subject P. M., only the 
chloride concentration of sweat was determined. The decrease in concentra- 
tion of sweat chloride was much less than in Subject R. M., but the base-line 
values were already at the lower limit of normal. 

5. Effect of Ammonium Glycyrrhizinate Upon Urinary Excretion of Melano- 
cyte-Stimulating Hormone (MSH ).\* 1°*—A patient (alopecia areata) with ab- 
normally high levels of urinary MSH was given ammonium glycyrrhizinate, 4 
Gm. per day orally for a period of ten days. By the fourth day urinary MSH 
had fallen to normal levels. Within one day following cessation of administra- 
tion of the compound, urinary MSH was back to its original high value. With 
respect to this activity (inhibition of pituitary release of MSH), 4 Gm. per 
day of this compound was found to be roughly equivalent to 5 mg. per day 
of 9-alpha fluorohydrocortisone, 20 mg. per day of hydrocortisone, and 37.5 
mg. per day of cortisone. All these tests were carried out in the same patient. 


CONCLUSIONS 


Ammonium glycyrrhizinate, the sodium-retaining principle of licorice, has 
the following metabolic and physiologic effects when administered orally to 
man: 


1. It induces great retention of sodium, chloride, and water. 

2. It produces a mild increase of urinary potassium. 

3. It inhibits mildly endogenous production of ACTH as indicated by con- 
sistent decreases in the excretion of 17-ketosteroids. 

4. It decreases the concentrations of sodium and of chloride in thermal 
sweat. 

5. It is capable of inhibiting pituitary release of MSH (melanocyte- 
stimulating hormone), the effect of 4 Gm. per day orally being roughly equiva- 
lent to 37.5 mg. of cortisone, 20 mg. of hydrocortisone, and 5 mg. of 9-alpha 
fluorohydrocortisone given orally per day, respectively. 

6. It provokes no demonstrable effects upon organic metabolism (protein, 
carbohydrate, urie acid, creatinine, or circulating eosinophils). 

The various demonstrable effects are highly suggestive that ammonium 
elyeyrrhizinate is acting within the body in a way very similar to an adrenal 
cortical steroid; that its peripheral effects are exclusively upon electrolyte 
and water metabolism but that it is, nevertheless, capable of depressing endog- 
enous production of both ACTH and MSH. Whether these activities are 
inherent in the compound as administered vr result from metabolic transforma- 
tions of the compound within the body must await more detailed studies. The 


*We are greatly indebted to Dr. A. B. Lerner, University of Oregon Medical School, for 
the data described here." 
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possibility of an hepatic metabolic transformation seems likely since we have 
failed to elicit any effects when as much as 90 mg. per day was administered 
intramuscularly. This result, however, may prove to be simply a matter of 
dosage. 
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STUDIES ON THE EFFECT OF ETHYLENEDIAMINETETRAACETIC 
ACID IN HYPERCALCEMIA 


HertTA SPENCER, M.D., JosEPpH GREENBERG, M.D.,* Eva Brercer, PH.D., 
Mary Perrone, R.N., AND DaAnrEL Laszio, M.D. 
New York, N. Y. 


YPERCALCEMIA is frequently encountered in patients with malignant 

tumors affecting the skeleton. The early recognition of this serious com- 
plication may prevent the development of irreversible renal damage.’ This 
investigation was initiated in order to study the value of sodium ethylenedia- 
minetetraacetate (Na-EDTA) in the therapy of hyperealeemia. The following 
considerations led to the selection of this agent: it forms a strong calcium 
chelate in the physiologic pH range, it is not metabolized, and it is promptly 
excreted by the kidney.’ 

Previous studies have shown that the slow intravenous administration of 
Na-EDTA did not lower the serum calcium in normocaleemic patients, whereas 
the urinary calcium was significantly elevated on the day of the infusion.’ 
This indicated that the calcium bound in the plasma was rapidly replaced by 
calcium from another source, most likely from bone, and that the bound calcium 
was readily excreted in the urine. It was assumed that this compensatory re- 
lease of bone calcium may not occur in patients with elevated serum calcium 
if Na-EDTA is given in a dose which lowers the serum calcium just to but not 
below the normal range. 


Holland and associates* have reported considerable lowering of the serum 
caleium of hyperealeemie patients by rapid infusions of fairly large doses of 
Na-EDTA; the effect upon urinary calcium excretion was not reported. Dudley 
and associates’ have recently shown that repeated slow infusions of large doses 
of Na-EDTA have temporarily decreased the serum calcium of two hypereal- 
cemie patients. A marked increase of the calciuria was noted on some of the 
days of the Na-EDTA infusions. 


MATERIALS AND METHODS 


Eight patients with hypercalcemia due to metastatic bone disease were studied. They 
were maintained on a low calcium intake containing approximately 150 mg. calcium and 
600 mg. phosphorus per day. Na-EDTAt was given intravenously, in the fasting state, in 
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amounts depending on the serum calcium level. In 5 patients (Cases 1, 2, 3, 4, and 7), the 
chelating agent was injected in 10 to 15 minutes, with an infusion of 200 ml. of 5 per cent 
glucose in water. In three patients (Cases 5, 6, and 8), Na-EDTA was administered intra- 
venously in 4 hours with an infusion of 500 ml. of 5 per cent glucose in water. The dose 
was estimated in the following manner: Since 1 Gm. Na-EDTA binds 0.108 Gm. Cat+, an 
amount of Na-EDTA was injected which would bind the excess calcium estimated to be 
present in the extracellular space of the patient. For instance, if the serum calcium was 
15 mg. per cent and the extracellular fluid was estimated to be 10 L., less than 5 Gm. 
Na-EDTA was infused. Urine was collected several days prior to the Na-EDTA infusion, 
on the day of the infusion, and for one or several days thereafter. These collections were 
made in 4-, 4-, and 16-hour specimens in all but one patient receiving the rapid infusions; 
24-hour specimens were collected of patients receiving the slow infusions. Blood samples 
were drawn prior to the infusion, at the end of it, and 1, 4, 8, and 24 hours after the start 
of the rapid infusion and 4, 8, and 24 hours after the start of the slow infusion. 

The serum calcium was determined by the Kramer-Tisdall method® (oxalate precipi- 
table calcium) and on samples which were ashed at acid pH prior to oxalate precipitation (total 
serum calcium). The urinary calcium was determined on acidified specimens ashed in the 
muffle furnace.? The calcium which could be bound in the urine by the amount of EDTA 
present therein was estimated in the following manner: 10 ml. NH,OH (25 per cent) 
was added to 50 ml. urine, and the sample was allowed to stand for 10 to 15 minutes. The 
precipitate was separated from the supernatant by centrifugation. The supernatant was 
decanted, and concentrated H,SO, was added drop by drop to the supernatant until the 
reaction became acid. This specimen was then evaporated in the drying oven and ashed in 
the muffle furnace. The ash was dissolved and calcium was determined.? This calcium 
represents the fraction bound to EDTA. 


RESULTS 

The diagnoses, the duration of hyperealeemia, the serum calcium levels, 
the amount of Na-EDTA infused and the speed of its administration, and the 
effect upon serum calcium are listed in Table I. 

In order to illustrate the changes of serum and urinary calcium induced 
in a normocalcemic subject, the effect of 2 Gm. Na-EDTA infused in 40 minutes 
to a 26-year-old normal, ambulatory woman is shown in Fig. 1. There was 
only a slight change of the oxalate precipitable serum calcium; it was lowest 
at the end of the infusion, 9.2 mg. per cent, and rose rather rapidly to the 
preinfusion level. A marked rise in total serum calcium occurred, the highest. 
amount being 13.8 mg. per cent at the time when the oxalate precipitable cal- 
cium was 9.6 mg. per cent. The bound calcium is represented by the dotted 
area between the two lines. The urinary calcium rose considerably from 44 
mg. per twenty-four hours to 208 mg. on the day of the study; in other words, 
an excess of 168 mg., corresponding to 75 per cent of the binding power of 
the administered dose of Na-EDTA, was excreted. 

The effects of 4 Gm. of Na-EDTA infused on 3 successive days in 15, 15, 
and 8 minutes to a hypercalcenuc patient are shown in Table II and Fig. 2. 
This 58-year-old man had carcinoma of the kidney, with widespread osteolytic 
metastases. At the time of the study, he was in hyperealeemia for a period of 
3 weeks, the only clinical manifestation of this syndrome being lethargy. The 
serum phosphorus was 3.3 mg. per cent; the alkaline phosphatase, 4.1 Bodansky 
units; the blood urea nitrogen, 25 mg. per cent; and the creatinine, 2.3 mg. 
per cent. The urinary output was adequate, 1,300 to 1,400 ml. per twenty-four 
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hours, and there was no albuminuria. During and following each infusion, 
the lethargy changed to euphoria, which lasted for several hours so that the 
patient commented on this improvement. There were no untoward clinical or 
chemical changes attributable to EDTA; the prothrombin time was normal prior 
to and after the infusions, and there was no albuminuria. The oxalate pre- 
cipitable serum calcium decreased from 14.5 to 12.8 mg. per cent, from 14.0 
to 11.9 mg. per cent, and from 14.1 to 11.38 mg. per cent at the end of the 
infusions on the three days, respectively. It had further decreased 45 minutes 
later and was still lower than the preinfusion level 8 hours after the infusion 
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Fig. 1.—Effect of intravenous Na-EDTA upon serum and urinary calcium of a normocalcemic 
subject. 


in studies 1 and 3, whereas it had returned to the preinfusion level by the 
eighth hour in study 2. In contrast to the normocaleemic patient, the total 
serum calcium did not rise. It showed slight fluctuations in studies 2 and 3 
and was 1.2 mg. per cent lower than the preinfusion level 4 hours after the 
infusion in study 1. The 24-hour urinary calcium excretion on the day prior 
to the administration of Na-EDTA was 372 mg. On the 3 days of the in- 
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Number 


fusions, it was 482, 494 and 510 mg. Therefore, the excess urinary caleium 
excreted on the 3 days of the Na-EDTA infusion was 110, 122, and 138 mg., 
corresponding to 26, 28, and 30 per cent of the binding power of the chelating 
agent, respectively. The EDTA which was excreted was not determined in 
the first two collections but only in the 16-hour specimens of the 3 studies. 
The calcium binding power corresponded to approximately half the total eal- 
cium excreted in these specimens: 160 versus 328 mg., 148 versus 326 mg., and 
156 versus 342 mg. However, the amount of bound calcium contained in the 
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Fig. 2.—Effects of rapidly infused Na-EDTA and Ca-EDTA upon the serum and urinary 


calcium of a hypercalcemic patient. Ca-EDTA was administered 11 days after the third 
infusion of Na-EDTA (Case 7. See also Table II). 





16-hour specimen was already higher than the total 24-hour excess mentioned 
above. Therefore, a significant fraction of the urinary calcium of the experi- 
mental day must have been excreted also in the form of calcium chelate. The 24- 
hour urine of the day after the infusion contained an amount of EDTA equiva- 
lent to 50 mg. calcium. The urinary calcium of this day was lower than that 
of the day prior to the infusion. 
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In order to test whether the comparatively low excess excretion was due 
to the inability of this patient to excrete the calcium chelate, 4 Gm. of Ca-EDTA 
was injected into the same patient 11 days after the last Na-EDTA study. The 
results are included in Table II and Fig. 2. The oxalate precipitable serum 
calcium remained essentially unchanged, whereas the total calcium had increased 
considerably by the end of the infusion, remained elevated for 8 hours, and 
approached the preinfusion level 24 hours later. The 24-hour urinary calcium 
excretion of the day of the Ca-EDTA infusion, determined on 4-, 4-, and 16- 
hour collections, was considerably increased, namely, from 256 mg. to 619 mg. 
The excess excretion was 363 mg., and the calcium content of the infused Ca- 
EDTA was 392 mg. A small excess urinary calcium was also present on the 
subsequent day. The EDTA excretion determined in all specimens was only 72 
per cent of the theoretical, binding 284 mg. calcium. 


TABLE IJ. EFrFrecT oF INTRAVENOUS Na-EDTA AND CAa-EDTA Upon SERUM AND URINARY 
CALCIUM 
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Case 7. See also Fig. 2. 


The changes of the serum and of the urinary calcium observed in this pa- 
tient were similar to those of the remaining 4 patients, who received a total of 8 
infusions of Na-EDTA. The increase of the urinary calcium on the day of the 
infusion, over and above that of the preinfusion day, was considerably less than 
in normocaleemic patients receiving a comparable dose of Na-EDTA. In some 
of these cases, no excess was noted. 
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Three patients (Cases 5, 6 and 8) received intravenously, in 4 hours, from 
4 to 7 Gm. Na-EDTA in 500 ml. of 5 per cent glucose in water. All 3 patients 
showed lowering of the oxalate precipitable serum calcium. However, this 
improvement was only transient except in Case 8, which is described in greater 
detail. 

CASE 8.—A 48-year-old woman had a radical mastectomy for carcinoma of the breast 
which involved the axillary lymph nodes; she had received postoperative local radio-therapy 
and was well for 5 months. She then developed increasing back pain suggestive of skeletal 
metastases, which became evident on roentgenograms 4 months later. Drowsiness, con- 
stipation, and vomiting, of several weeks’ duration, followed. The patient was found to 
be in hypercalcemia, which ranged from 16.7 to 18.6 mg. per cent. The clinical course is 
illustrated schematically in the lower part of Fig, 3. 
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Fig. 3.—Effect of a single intravenous dose of Na-EDTA upon the serum calcium and urinary 
calcium of a hypercalcemic patient (Case 


The patient received a single dose of 6 Gm. Na-EDTA in 4 hours. The rather pre- 
cipitous fall of the serum calcium level and of the blood urea nitrogen, which followed the 


administration of this agent, is shown in the center of the upper half of Fig. 3; the measure- 
ments of the serum and urinary calcium on the day of the Na-EDTA infusion are shown in 
the insert, left upper half of this figure. The oxalate precipitable serum calcium prior to 
the infusion was 17.4 mg. per cent; it decreased to 11.4 mg. per cent by the end of the 
infusion, and it was 13.2 mg. per cent the next day. The total serum calcium was increased 
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only slightly by the end of the infusion, and it decreased progressively by 24 hours. The 
dotted area between the two lines represents the bound calcium. The excess urinary calcium 
excretion on the day of the infusion was only 200 mg. or 30 per cent of the binding power 
of the injected Na-EDTA. However, all the calcium which was excreted on this day was 
chelated, since the EDTA which was present in this 24-hour specimen bound 426 mg. calcium. 
An additional 110 mg. ‘‘bound’’ calcium was excreted on the day after the infusion. The 
patient improved and became ambulatory. The serum calcium remained in the normal 
range and the patient returned to work. Ten months later, another episode of hypercalcemia 
developed and she received two more doses of 5 and 6.5 Gm. Na-EDTA;: the oxalate pre- 
cipitable serum calcium declined at the end of the infusions from 17.4 to 10.8 mg. per cent 
and from 14.7 to 11.6 mg. per cent, respectively. However, in contrast to the favorable re- 
sponse to the first dose, the improvement was not sustained at this time. 


SIDE REACTIONS 


Since 1951, 35 patients have received Na-EDTA and/or Ca-EDTA; the 
dose, the speed of its infusion, and the type of compound administered to 8 
patients referred to in this communication are listed in Tables I and II and Fig. 
3. The details pertaining to 11 patients were reported previously.* Fourteen of 
the remaining 16 patients received EDTA (2 to 4 Gm. of Na-EDTA or Ca- 
EDTA) for 1 to 6 days for investigative purposes, one for the treatment of 
Wilson’s disease and another for chronic lead poisoning. This last patient re- 
ceived the largest total dose: 3 Gm. Ca-EDTA on 12 consecutive days, and 6 
days later, 4 Gm. Na-EDTA on 6 consecutive days. 


All patients were carefully observed during and following the injections 
of the chelating agent. Pulse, blood pressure, respiratory rate, blood counts, 
urinalysis, prothrombin time, bleeding time, and clotting time were frequently 
determined in most of these patients. A slight hypotension was noted during 
and a few hours subsequent to the administration of EDTA in most patients.’ 
A transient slight albuminuria was found in one instance: in the above men- 
tioned patient with chronic lead poisoning. Oliguria occurred in one patient 
(Case 1, Table I); she was in the terminal stage of her illness and was in 
hyperealeemia for 5 months; she received a large dose of Na-EDTA, 28 Gm. 
in 3 days, and expired 2 days later. Neither bleeding manifestations, prolonga- 
tion of prothrombin time, nor changes in clotting mechanism were found. 

Hypocaleemia was observed in one patient (Case 4, Table I). This occurred 
because the dose of EDTA was calculated on the basis of a serum calcium deter- 
mination performed 2 days previously which was higher than that on the day 
of infusion: 15.6 mg. versus 13.2 mg. per cent. Also the estimate of the extra- 
eellular fluid volume was in error and too high. When 5.1 Gm. Na-EDTA was 
injected in 10 minutes and tetany occurred, the infusion was immediately dis- 
continued, blood was drawn for calcium determination, and calcium gluconate 
was injected. The tetany was immediately relieved. The oxalate precipitable 
serum caleium analyzed in the blood which was drawn at the time of tetany 
was 3.0 mg. per cent, and the total serum calcium was 19.7 per cent. Therefore, 
the chelated calcium was 16.7 mg. per cent, corresponding to a total of 336 mg. 
in the plasma volume of 2010 ml. The elevation of the total calcium from 13.2 
to 19.7 mg. per cent illustrated the speed with which calcium was drawn into 
the vascular compartment to replace the bound calcium therein. 
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Autopsy was performed in 11 patients; the diagnoses, the dose, type of 

compound, and the time interval which elapsed between the administration of the 
chelating agent and the death of the patient are listed in Table III. 


DISCUSSION 


It has been previously shown that the serum calcium levels of animals can 
be significantly lowered, even to levels of tetany, when large amounts of Na- 
EDTA are injected rapidly... Similar observations were also made in hyper- 
caleemie patients.t Studies performed in this laboratory have shown that the 
slow infusion of Na-EDTA did not lower the serum calcium level of normo- 
calcemic patients but caused a marked excess urinary calcium exeretion.* The 
maintenance of the serum calcium level and the excess calciuria observed in 
normals were attributed to the immediate replenishment of calcium bound in 
plasma by calcium from the body stores, most likely from the skeleton, the 
ealcium chelate being excreted in the urine. It was assumed that excess calcium 
will be released from the skeleton only if the serum level is lowered below the 
normocaleemic range. The observations made on 8 hypercalcemic patients 
seem to support this theory: the oxalate precipitable serum calcium was de- 
creased to levels which were not below the normal range,* whereas the total 
calcium remained unchanged. A large amount of bound calcium was present 
in the plasma which declined with time as the calcium chelate was excreted in 
the urine. How could this small but definite excess calciuria observed in most 
hyperealecemic patients be reconciled with the theory that calcium present in 
excess of the normal range in the extracellular compartment could be bound 
without causing calcium release from the body store? It is possible that transient 
hypocalcemia was induced during the period of injection of Na-EDTA, al- 
though this was not detected in the blood sample drawn for analysis. Further- 
more, it is possible that any lowering of plasma calcium levels elicits ecompen- 
satory forces which, however, are weaker in hypercalcemia than those which 
safeguard the maintenance of normal calcium levels. The study of Patient 7 
(Table II and Fig. 2) indicates that the smallness of the increment in ecaleiuria 
is not due to the inability of hypercaleemic patients to exerete the calcium 
through the kidney. 

Na-EDTA when injected intravenously binds calcium in the plasma in- 
stantaneously. It is therefore likely that, as the calcium is bound in the plasma, 
calcium ions enter the vascular compartment from the interstitial fluid com- 
partment, and thereby a new equilibrium for the ionized calcium is established. 
The speed with which this occurs was illustrated in the study of the patient 
in whom tetany occurred: at that moment the oxalate precipitable calcium 
fell, whereas the total calcium increased considerably over the preinfusion 
level. This method of lowering the ionized plasma calcium levels in normal 
subjects or in hyperealeemie patients seems to provide a potent tool for the 


*In Case 4 (Table I), hypocalcemia occurred, as described in the section on side re- 
actions. 
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investigation of forces to maintain homeostasis: the speed with which it is re- 
established may be a highly sensitive measure of the available calcium pool and 
of the metabolic state of skeleton. 

The calcium chelate diffuses freely from the intravascular compartment 
into the interstitial space and into the body cells, with the exception of red blood 
corpuscles and of the cerebrospinal fluid.2 It then re-enters the vascular com- 
partment*® and is exereted. The presence of large amounts of bound calcium 
in the plasma indicates that the elimination of the calcium chelate is much 
slower than the binding. Foreman?+*"4 ?> has shown that approximately 98 per 
cent of the C1*-labeled EDTA was excreted in the urine of animals and of normal 
human subjects within 24 hours. In a previous study, we attempted to gauge 
the EDTA excretion indirectly through the determination of the 24-hour excess 
ealciuria which was found to be in average only 75 per cent of the theory. 
This discrepancy between Foreman’s data and ours could be due to differences 
in the experimental subjects which were used. It is more likely, however, 
that these differences are due to the liberation of calcium from the Ca-EDTA, 
with the prompt excretion of the EDTA and the retention of calcium in the 
kidneys. Attempts to clarify this problem by the simultaneous determination 
of calcium and of EDTA have failed (see experimental section), probably be- 
cause of the inaccuracy of the method to determine EDTA in urine. It 
seems that the suspected dissociation of the Ca-EDTA complex and the reten- 
tion of calcium without EDTA could be proved by using better techniques to 
measure the urinary excretion of EDTA: for instance, with labeled EDTA. 

From the clinical point of view, the chelation of excess ionized calcium 
in the circulation and the excretion of calcium as the chelate in place of free 
calcium are desirable in order to decrease hyperealcemic toxicity and to prevent 
the development of nephrocaleinosis. However, Na-EDTA decreases only 
temporarily the serum caleium in hypercaleemic patients with metastatic bone 
disease as the bone breakdown caused by the tumor continues. Favorable clini- 
cal and chemical results were obtained in only one of the eight hypercalcemic 
patients with metastatic bone disease. This may have been coincidental with 
the administration of Na-EDTA and due to a spontaneous remission of osteolytic 
activity of the tumor in the bone.® 

Although the benefits were only transient in 7 of the 8 patients, the judi- 
cious use of EDTA to alleviate hyperealeemie toxicity is justified in cases in 
whom medical, radiotherapeutic, or surgical measures are contemplated: for 
instanee, prior to the removal of a parathyroid adenoma. The usefulness of 
EDTA will greatly depend upon the frequency and severity of toxicity side 
reactions. Holland and associatest have reported hydropic degeneration of the 
tubular epithelium in 2 hyperealecemie patients who received 10 and 9.5 Gm. 
Na-EDTA in 54 and 60 minutes, respectively. Both patients were in uremia and 
died 4 days after the administration of Na-EDTA. Similar extensive pathologic 
changes of the kidneys were recently described by Dudley and associates® in 2 
patients. One of these was in the terminal stage of cancer of the breast with 
osteolytic metastases: she received a total of 145 Gm. Na-EDTA in 13 days and 
expired 1 day later. The second patient was a 41-year-old girl who had hyper- 
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calcemia due to vitamin D intoxication; she received 21 Gm. Na-EDTA in 10 
days and died 8 days later. Hemorrhagic manifestations and engorgement of 
the reticuloendothelial cells with coarse eosinophilic granules were noted in both 
patients. As described in section ‘‘Side Reactions’? no hemorrhagic manifesta- 
tions were noted in any of the 35 cases of our series. Only in 1 of 11 post- 
mortem examinations were changes noted in the kidney similar to those described 
by Holland and associates and Dudley and co-workers. This patient was 
comatose and terminal; she was in severe lhyperealeemia when she received a 
large dose of Na-EDTA in a short period of time. She expired 2 days after the 
fourth dose of Na-EDTA. 

It may be assumed that the toxicity of Na-EDTA is similar to that of 
Ca-EDTA except for the manifestations of calcium withdrawal caused by the 
former. The problems related to the toxicity of Ca-EDTA, however, are of 
greater practical importance since Ca-EDTA is currently being used rather 
widely in the treatment of lead poisoning and is also being considered for the 
forced removal of radioactive fission products entering the human body. To our 
knowledge, no reports are available in medical literature which refer to severe 
toxic manifestations following the prolonged use of Ca-EDTA. No major unto- 
ward side effects were noted in our series. However, we have used Ca-EDTA 
principally for investigative purposes in relatively small doses given over a 
short period of time. The observations of Holland and of Dudley suggest that 
extreme caution should also be exercised when large doses of Ca-EDTA are 
being used for therapy over a long period of time. 


SUMMARY 

1. The chelating agent sodium ethylenediaminetetraacetate was administered 
to 8 hyperealeemic patients. In each of these patients, the serum calcium was 
temporarily lowered as the excess calcium was chelated; the calcium chelate 
was excreted by the kidneys. 

2. In normocaleemic subjects, the chelation of the serum calcium is promptly 
followed by release of calcium from body stores to maintain the ionized eal- 
cium at normal levels. The total calcium increases because of this influx of 
ealcium into the circulation and returns to normal levels as the calcium chelate 
is exereted. The excess calciuria reflects the magnitude of the calcium influx. 

3. The responses to the administration of the chelating agent, i.e., the speed 
of restoration of the serum calcium level and the excess caleiuria, seem to be 
sensitive indicators of the state of calcium metabolism. 

4. The therapeutic usefulness of Na-EDTA in the treatment of hyper- 
ealeemia and of Ca-EDTA in the treatment of metal poisoning are discussed 
in conjunction with the side reactions attributed to these agents. 


We wish to thank Dr. Harry M. Zimmerman, Chief, and Dr. Hilda Laufer, Assistant, 
Laboratory Division, for their advice and interpretation of the necropsy findings. 
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BLOOD PYRUVIC ACID, SERUM GAMMA GLOBULIN, AND OTHER 
TESTS OF HEPATIC FUNCTION 


Ray K. Paria, M.B., M.S.,* anp Ropert M. Kark, F.A.C.P., F.R.C.P.** 
CuicaGo, IL. 


OME fifty-seven years after Bernard’ ? demonstrated the vital importance 
of the liver in carbohydrate metabolism, Kostytschev,*? and Neuberg and 
Kerb* discovered that pyruvic acid was produced as an intermediate in the fer- 
mentation of sugar. As the commanding role of this keto-acid in carbohydrate 
metabolism has since been amply confirmed, it is rather surprising to find 
that very few studies have been carried out on blood pyruvate levels in hepatic 
disorders. 

During a study of carbohydrate metabolism in patients ill with liver disease,® 
the basal levels of blood pyruvate were measured, as well as a number of 
tests made of hepatic function. Although the blood pyruvate level was found 
to be high in only two-thirds of the patients ill with liver disease, a considerable 
degree of correlation was found to exist between the basal levels of pyruvic 
acid in the blood and two of the tests of hepatic function used in this study. 
These observations are, therefore, reported in this paper. 


MATERIAL AND METHODS 


Subjects.—Thirty-nine patients were studied in three hospitals. Of these, twenty-five 
had definite clinical and laboratory evidence of hepatic disease; three were suspected of 
having hepatic disease; and the remainder were in the hospital for the medical care of some 
other ailment. Although none of the patients were ill with beriberi, the possibility of 
thiamine deficiency influencing the blood pyruvate level9-11 was excluded by intramuscular 
injection of thiamine hydrochloride (100 mg.) into each patient for at least three days prior 
to the collection of blood. 

All subjects were confined to bed except when they were allowed to go to the bathroom. 
They were not allowed any food after the midnight previous to the day of the test; otherwise 
the diet was not restricted. 

Collection of Blood—RBefore breakfast, 20 ml. of free flowing venous blood was 
collected. Immediately thereafter, 5 ml. of blood was ejected from the syringe into a 
reaction vessel containing 25 ml. of 10 per cent trichloracetic acid solution. The rest of 
the blood was run into a clean, dry test tube for separation of serum for other tests of 
hepatic function. 

Laboratory Methods.—Blood pyruvic acid was determined essentially by the method of 
Friedemann and Haugen,12 except that pyruvic-acid-hydrazone was extracted with two 5 ml. 
portions of ethyl acetate instead of by use of a single extraction. Spectrophotometric 
readings of the sodium hydroxide-treated hydrazone were made at 520 mu. 

The following tests of hepatic function were carried out in the serum of each patient: 
(a) serum bilirubin by the modified method of Ducci and Watson13; (b) serum cholinesterase 
by the method of Michel14; (c) serum gamma globulin by the method of de la Huerga and 
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Popper!5; (d) thymol turbidity by the method of Shank and Hoagland16; (e) thymol 
flocculation test as modified by Neefe and associate17,18; (f) zine sulfate turbidity test as 
described by Kunkel19; and (g) the cephaiin flocculation test of Hanger.2° 


RESULTS 

1. Correlation Between Basal Blood Pyruvate Level and Tests of Hepatic 
Function in All Subjects—The basal levels of blood pyruvie acid and the 
results of the tests of liver function are shown in Table I. With these data, 
scatter diagrams were drawn, plotting the blood pyruvate levels against the 
results of each of the tests of hepatic function. On inspection of these diagrams, 
the basal blood pyruvate level was seen to correlate well with serum gamma 
globulin concentration and thymol turbidity units (Figs. 1 and 2). Some 
degree of negative correlation was also apparent when the levels of serum 
cholinesterase were plotted against the basal levels of blood pyruvate (Fig. 3). 
There did not seem to be any correlation between the blood pyruvate level and 
the level of total serum bilirubin (Fig. 4) or any of the other tests of hepatic 
function. 





Y= 1.96 x -0.695 
Cor coef.=0.735 | 


Serum y-globulin gm /!00 ml 








T T 
1@) | 2 
Blood pyruvate mg /!00 ml. 


ord 


r Fig. 1.—Serum gamma globulin and fasting blood pyruvate levels in 39 patients with and 
ke te I al disease. Note that there is a positive correlation, the correlation coefficient 
Correlation coefficients were calculated?! between the basal blood pyruvate 
level and the serum gamma globulin concentrations, thymol turbidity units, and 
the serum cholinesterase levels. As shown in Table II, these coefficients (the 
tests of hepatic function and the blood pyruvate levels since the values of “p” 
‘‘r’’ values) were found to be statistically significant for each of the three 
were less than 0.001 in each ease. 


The regression equations and the standard errors of the estimations from 
the least squares’ regression lines were also caleulated?? (Table II). 
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TABLE I. BASAL BLoop PyruvATE LEVELS AND TESTS OF HEPATIC FUNCTION IN 39 PATIENTS 
WITH AND WITHOUT LIVER DISEASE 














FASTING | SERUM CEPHALIN 

BLOOD | GAMMA- SERUM SERUM FLOCCU- 

PYRU- GLOBU- | THYMOL | CHOLIN- BILI- znso, | THYMoL | LATION 

PATIENT’S VATE LIN TURBID- | ESTERASE] RUBIN TURBID- | FLOccU- | (+UNITS) 
NO. AND (MG./ (GM./ ITY (A pH/ (MG./ rary LATION 24 | 48 
NAME 100 MuL.)|100 ML.)| (UNITS) HR. ) 100 ML.)} (UNITS) |(+UNITS)| HR. | HR. 
Fil Mies ii 27 2.08 8.50 0.88 0.95 14.90 4+ 3+ 3+ 
oc mas 0.85 1.55 1.95 0.96 0.84 9.30 0 1+ 2+ 
2 6, 1.47 252 7.00 0.59 0.55 16.50 4+ 4+ 4+ 
a ag: a. 1.50 2.42 7.40 0.87 0.74 17.00 2+ 44. 4+ 
6.* D. B. 1.10 1.74 6.20 0.24 2.32 11.48 2+ 44- 4+ 
7. aes, 1.50 2.36 5.00 0.29 1.56 10.90 1+ 3+ 4+ 
8." H.W. 1.20 1.54 8.20 0.35 29.80 9.08 2+ 3+ 3+ 
D> aD: 1.60 2.04 6.50 0.25 2.63 12.30 1+ 3+ 4+ 
| Dscitae’ ne 6a 1.34 2.30 6.00 0.55 2.13 14.12 0 3+ 44+ 
12. C. 8. 0.82 1.10 1.11 0.92 1.06 5% f | 0 1+ 1+ 
aS, i. 1.02 1.22 Dees 0.54 0.66 7.42 0 1+ 2+ 
2. £.. D. 1.10 155 2.41 0.79 0.36 10.05 0 1+ 1+ 
13. 2.-G: 0.68 0.89 152 1.26 0.47 5.52 0 0 1+ 
iG.* TP. MM. 1.66 2.65 9.70 —— 3.84 15.54 2+ 3+ 3+ 
|b dite So 1.90 2.96 11.90 0.23 2.50 14.52 3+ 3+ 3+ 
is. J. M. 1.37 0.96 1.11 — 0.48 4.02 0 0 0 
19. R. M. 1.15 1.42 2.30 — 32 9.00 0 0 1+ 
20.* G. 1.80 5.42 14.25 0.27 12:22 26.70 4+ 4+ 4+ 
21. R. B. 1.38 1.22 2.58 0.81 1.20 7.70 0 0 1+ 
22. M. M. 0.76 1.01 1.87 1.65 0.74 7.10 0 0 0 
23. 42s DB. 1.08 0.90 2.12 0.74 0.52 5.60 0 0 0 
24 ). M. 1.36 S17 6.82 0.37 32.60 6.90 Trace 0 0 
25." 3. GC: 1.74 3.06 13.10 0.38 1.85 19.78 3+ 3+ 4+ 
26. R. D. 1.00 1.71 4.55 0.75 14.90 Trace Tr; 2+ 
2a. as. a. 0.90 1.46 6.68 0.55 2.60 10.65 3+ 3+ 4+ 
28. 0: J. 1.33 1.71 1.30 1.20 0.73 7.48 0 1+ 2+ 
29. A. L. 0.94 1.20 3.25 1.08 no 4.75 0 0 1+ 
30.. M..J. 1.20 0.89 4.20 1.02 — 2.68 0 0 0 
Ba.” WV, 2. 0.98 1.27 2.80 0.65 1.82 6.36 0 0 1+ 
Bos ae 0.90 1.84 6.36 0.77 is 11.30 4+ 3+ 4+ 
33.* M. K. 1.40 1.43 8.90 0.68 11.34 8.48 2+ 0 1+ 
34. D. R. 0.92 0.85 1.48 0.39 0.30 2.50 0 0 0 
35.* E. M. 1.97 3.09 11.76 0.59 5.30 21.53 3+ 3+ 4+ 
36.* 8. H. 1.75 2.49 10.10 0.44 3.16 12.25 2+ 3+ 4+ 
34. 2. 1.80 2.45 10.82 0.18 2.30 16.20 3+ 3+ 4+ 
a8.* G. F. 0.93 1.36 1.21 0.40 0.33 6.90 0 1+ 2+ 
40.* M. M 1.10 0.94 2.10 1.12 24.60 6.20 0 1+ 1+ 
an.* TC. 1.25 1.02 2.23 0.33 12.30 12.50 3+ 2+ 3+ 
42. M.M. 1.25 0.66 1.43 0.73 0.84 4.55 0 1+ 1+ 





*Clinically evident liver disease. 


2. Correlation of Basal Pyruvate Level and Flocculation Tests Among 
Patients Ill With Liver Disease and Those Without Liver Disease —In Table III 
are recorded the relationships between pyruvate levels in the blood and the 
flocculation tests in the serum of thirty-nine patients. 

All the patients with abnormal flocculation tests had liver disease. However, 
a blood pyruvate level of 1.1 mg. per 100 ml. or over was observed in several 
subjects who did not have any evidence of hepatic disease. This fact is 
demonstrated in Fig. 5, which shows the distribution patterns of the basal blood 
pyruvate levels in two of the groups of patients studied, a group of fifty-one 
patients* with no evidence of liver disease and twenty-four patients known to 
have hepatie dysfunction. 


*Data on thirty-eight patients included in the group of fifty-one without hepatic disorders 
were kindly supplied by Dr. M. K. Horwitt, Elgin State Hospital, Elgin, Ill 
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THE RESULTS OF MATHEMATICAL ANALYSES OF THE CORRELATION BETWEEN BASAL 


BLoop PYRUVATE (X) AND THREE TESTS OF HEPATIC FUNCTION (Y) 


























REGRESSION EQUATION| ©! ies tt aga 
CORRELATION T—=axX+bf BP ie aan : 
COEFFICIENT$ (1) X IS ASSUMED eee ene 
x yt Nt AND VALUE OF p|| CORRECT SE — Sy** V¥1—-r12 
2 Serum gamma- | 389 |r = _ 0.735 Y = (1.96) X —0.695 |+ 0.612 Gm./100 ml. 
= globulin p= <0:001 
>, | Thymol turbid-| 389 jr = 0.778 Y = (8.84) X -5.82 |+ 2.411 units 
mS | ity p= <0.001 
%~ | Serum cholin- 36 jt = 0.550 Y = 1.35 -(0.55) X |+ 0.286 ApH/hr. 
oe esterase | p= <20:001 





*X = 
#¥ = (i) 


(ii) Thymol turbidity in units, or 


Basal blood pyruvate level in mg. per 100 ml. 
Serum gamma-globulin in grams per 100 ml., or 


(iii) Serum cholinesterase in ApH per hour. 
tN = Number of subjects. 
§r = Correlation coefficient. 
lp = Probability of occurrence by chance alone. 
fa and b = Constants in the regression equation. 
**sy — Standard deviation of Y. 


TiSE = Standard 
assumed to be correct. 


Thymol turbidity (Maclagan units) 


, Fig. 2.—Blood 
without liver disease. 
being 0.778. 


error of estimate from the least squares’ regression 
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Fig. 3—Blood pyruvate and serum cholinesterase levels in 36 patients with and 


without liver disease. Note that there is a negative correlation; the correlation coefficient 
equals _0.55. 
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Fig. 4.—Blood pyruvate and bilirubin in 36 patients with and without liver disease. No corre- 
lation is apparent. 
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As ean be seen in Fig. 5, a larger percentage of patients with liver disease 
had high basal blood pyruvate levels when compared with those of the control 
group. However, normal levels of blood pyruvate were found in about 30 per 
cent of patients with demonstrable hepatic insufficiency, while in 17 per cent 
of the control group abnormally high pyruvate levels were noted. 
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Fig. 5.—Distribution of basal pyruvate among 24 patients with liver disease (dark 
hatched areas) and 51 control patients free of liver disease (light hatched areas). Note 
considerable overlap in values. 


TABLE III. ANALYSIS OF Data FrRoM 39 SuBJECTS STUDIED 





























NO, OF NO, OF 
PATIENTS PATIENTS NO, OF 
WITH AB- WITH AB- PATIENTS NO. OF 
TOTAL NORMAL NORMAL WITH BOTH NO, OF PATIENTS 
NO. OF CEPHALIN THY MOL FLOCCULA- PATIENTS WITHOUT 
BASAL PYRUVIC PA- FLOCCULA- FLOCCULA- TION TESTS | WITH LIVER LIVER 
ACID LEVEL | TIENTS | TION TESTS | TION TESTS | ABNORMAL DISEASE DISEASE 
>1.1 mg./100 ml. 23 15 ale; 12 17 4 
1.1 mg./100 ml. or 16 8 3 3 t 8 
less 
Totals 39 23 16 15 24 12 





The relation between the basal pyruvate levels and the flocculation tests is shown. 


DISCUSSION 


The mechanisms by which pyruvate may accumulate in blood may be 
summarized under three headings. These are: 


1. Increased Production of Pyruvate-—This oecurs during muscular exer- 
cise,?? following meals (especially of carbohydrates)® 7° and following increased 
utilization of the reserve carbohydrates of the body, such as is seen in congestive 











48 PARIDA AND KARK fe ae 
cardiac failure** and in thyrotoxicosis.2* Increased utilization of reserve car- 
bohydrates leading to raised pyruvic acid levels in the blood was also observed 
by us** when Glucagon was administered to a patient suffering from hyper- 
insulinism. 

2. Decreased Utilization of Pyruvate-—Pyruvate is not readily metabolized 
in the presence of thiamine deficiency,*'! anoxia,?* *° and in severe disorders 
of the liver.?® *° In all these conditions it may accumulate in the blood. 

3. Impmred Rate of Removal of Pyruvate From the Circulation.—In de- 
compensated heart disease, impaired removal of pyruvate from the circulation 
has been observed.*4 

As noted previously, studies pertaining to the accumulation of pyruvate 
in blood in hepatic disorders have been reported by Amatuzio and associates.”* °° 
They measured pyruvie acid levels in the blood under basal conditions?’ as well 
as after intravenous administration of glucose*®® in normal people, in patients 
with liver diseases, in patients with diabetes, and in patients with emphysema. 
Thirty-six of their patients had liver disease. The basal levels of pyruvie acid 
were moderately elevated in patients with simple decompensated cirrhosis and 
returned to normal levels with adequate treatment. The highest levels of blood 
pyruvie acid were noted in patients with hepatic coma. Serial determinations 
showed an abrupt and progressive rise of the blood pyruvate level during the 
onset and progression of coma and a decline with improvement. A more recent 
study®*® by the same group of workers indicated that after intravenous glucose 
administration, glucose and pyruvate were utilized adequately in compensated 
cirrhosis of the liver. However, when patients in hepatic coma received glucose 
intravenously, large accumulations of pyruvate were found in their blood. 

The present study confirms Amatuzio’s observation that the basal blood 
pyruvate level is elevated in decompensated cirrhosis of the liver. In seventeen 
of twenty-four patients ill with liver disease, the basal blood pyruvate level 
was more than 1.1 mg. per 100 ml. Eleven of these seventeen patients were 
ill with advanced cirrhosis of the liver. Of the seven patients ill with liver 
disease who had normal blood pyruvate levels, one (No. 40, M. M.) had obstrue- 
tive jaundice due to carcinoma of the ampulla of Vater, three (Nos. 27, 31, 
and 32) were suffering from viral hepatitis, and the rest (Nos. 3, 6, and 38) 
were ill with early cirrhosis of the liver. 

From this analysis it is safe to conclude that the fasting blood pyruvie 
acid level is elevated in many patients with hepatic injury. This abnormality 
appears to be related to the severity of the hepatic disorder. Because abnormal 
levels of blood pyruvie acid were observed in only two-thirds of the patients ill 
with liver disease, the measurement of this metabolite in the blood cannot be 
regarded as a sensitive test of hepatic function. 

In both healthy and diseased individuals, the basal blood pyruvie acid 
level varied directly with the concentration of serum gamma globulin. The 
thymol turbidity values, which depend largely upon the serum concentrations 
of gamma globulin,*' also varied directly with the basal levels of blood pyruvate. 
This may lead one to speculate that pyruvie acid may be related in some way 
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or other to the synthesis or breakdown of serum gamma globulin. Unfortunately, 
the present knowledge of protein synthesis is in its infaney, and the role of 
pyruvie acid in this process is quite obseure. 


Some degree of negative correlation was also observed between the level 
of serum cholinesterase and the basal level of blood pyruvate (Fig. 3). Although 
the probability that such a correlation occurred by chance alone is less than 
one in one thousand, no conclusion seems desirable at this time as the correlation 
coefficient (‘‘r’’ = -0.55) was far from unity. 

With regard to the flocculation tests, analysis of Table III shows that 
abnormal flocculation tests were found only in those who were ill with liver 
disease, and only a very few patients were observed to have normal flocculation 
tests in the presence of hepatie disorders. On the other hand, blood pyruvate 
levels were within normal range in five patients ill with liver disease, and a 
high blood pyruvate level was obtained in four patients without liver disease. 
This also indicated that the measurement of basal blood pyruvate level is less 
useful than the flocculation tests in assessing hepatic dysfunction. 


SUMMARY 


1. Measurement of basal blood pyruvate levels was compared with seven 
tests of hepatie function in thirty-nine patients. 


2. High levels of pyruvate were noted in the fasting blood samples in two- 
thirds of the twenty-four patients ill with hepatic disease and in four of the 
fifteen patients without liver disease. This indicated that measuring the fasting 
blood levels of pyruvate is of limited value in assessing hepatic dysfunction in 
man. 

3. In both healthy and diseased individuals, a high degree of positive 
ecrrelation was observed between the serum concentrations of gamma globulin 
and the basal levels of blood pyruvate. The values of thymol turbidity, which 
depends upon the serum concentration of gamma globulin, were found to have 
a similar correlation, while a negative correlation of lesser magnitude was noted 
between the serum cholinesterase activity and the basal levels of blood pyruvate. 
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CLINICAL, LABORATORY, AND GENETIC STUDIES OF A FAMILY 
WITH A PREVIOUSLY UNDESCRIBED HEMOGLOBIN 


Demetrios A. Rigas, Pu.D., Ropert D. Kouer, M.D., 
AND EpwWIN E. Oscoop, M.D. 
PORTLAND, ORE. 


NEW hemoglobinopathy has been observed in three members o: a Chinese 
family. The clinical findings, genetic pattern, and characteristics of the 
abnormal hemoglobin are presented here. 

Since 1949, when Pauling and associates! characterized sickle-cell hemo- 
globin, additional abnormal hemoglobins C,? D,? E,** and G° have been de- 
scribed. At pH 8.6 these five all have an electrophoretic mobility of less than 
that of the normal adult type, or A hemoglobin. Sickle-cell hemoglobin also 
differs from normal adult hemoglobin and from all others previously described 
in that it has a markedly reduced solubility under conditions of reduced oxygen 
tension.” The abnormal hemoglobin® observed in our patients differs from 
hemoglobins 8S, C, D, E, and G in having a more rapid electrophoretic mobility 
at pH 8.6 than normal adult hemoglobin. It resembles sickle-cell hemoglobin 
in that it is less soluble in the reduced form. 


METHODS 


Red cell counts, hemoglobins, hematocrits, and reticulocyte counts were determined 
by standard methods.® Quantitative osmotic fragilities were made by the method of 
Hunter.1° Sickle-cell preparations were made by mixing equal volumes of oxalated blood and 
2 per cent sodium metabisulfite. Red cell survival was determined by reinjecting the 
patient’s cells labeled with Cr51 according to a slight modification of the method of Sterling 
and Gray.11 Fetal hemoglobin was measured by the alkaline denaturation method of 
Singer and associates.12 The solubility test for hemoglobin S developed by Itano13 was applied. 
Electrophoretic analyses were performed on hemolysates prepared by the method of Drabkin,14 
as modified by Havinga15; these were clarified by centrifugation at 12,000 g. for fifteen to 
twenty minutes and converted to carbonmonoxyhemoglobin by equilibrating the solutions in 
an atmosphere of 100 per cent carbon monoxide. The Klett-Tiselius apparatus was used with 
the 11 ml. cell. Pure carbonmonoxyhemoglobin fractions obtained from the electrophoretic cell 
by a previously described sampling device16 were used for absorption spectrum analyses 
in the Beckman Model DU spectrophotometer and for ultracentrifugal analysis with the 
Spinco analytical ultracentrifuge.* Paper electrophoretic studies were made with the 
Spinco, Model R, Durrum type apparatus on clarified hemolysates without conversion to 
carbonmonoxyhemoglobin. 
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CASE HISTORIES 


Fig. 1 is the genetic diagram of the family studied. All members were full-blooded 
Chinese, whose ancestors came from Canton. There was no history of consanguineous 
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Fig. 1.—Genetic diagram of family with hemoglobin H. Subject 10 is propositus. 


marriages. 








The propositus (No. 10), a 30-year-old housewife, was first seen on March 23, 1954. 
Pertinent history included lifelong easy fatigability, episodic scleral icterus, and known 
anemia which had not responded to several courses of oral and parenteral hematinics in- 
cluding iron and liver extract. Except for small stature (height 60 inches, weight 90 pounds) 
and an enlarged spleen, which extended 5 em. below the left costal margin, physical findings 
were normal. The results of laboratory tests are listed in Table I. The significant findings 
were a hypochromic microcytic anemia with extreme poikilocytosis, microcytosis, and 
numerous target cells, as illustrated in Fig. 2, A. Fetal hemoglobin was 2.1 per cent and 
electrophoretic analysis demonstrated 38 per cent of the hemoglobin to be abnormal. Sickling 
preparation showed no sickle cells. Wan den Bergh’s test showed total bilirubin of 0.6 mg. 
with 0.4 mg. indirect reacting bilirubin. Marrow was cellular; there was moderate erythroid 
hyperplasia and increased amounts of hemosiderin. 

The propositus’ husband (No. 11) was a 34-year-old man who was well. All laboratory 
studies on his blood were normal, 

The propositus’ 8-year-old daughter (No. 12) had been well except for minor child- 
hood illnesses. She had no pallor, icterus, splenomegaly, or hepatomegaly but did have a 
mild hypochromic anemia (Table I) which had not responded to a therapeutic trial of oral 
iron. The red cells (Fig. 2, B) had less hypochromia and anisocytosis than were present in 
the mother’s cells. The blood contained no demonstrable abnormal hemoglobin. 

Osmotic fragility curves of Subjects 10, 11, and 12 are plotted in Fig. 3; that of the 
propositus and her daughter are similar in that there was increased red cell resistance to 
hypotonic saline, while that of the propositus’ husband was normal. 

Subject 9, the 25-year-old brother of the propositus, had been known to have anemia and 
splenomegaly since 1952. In February, 1954, he was hospitalized because of anemia and 
bronchopneumonia. Blood counts were 1.63 million erythrocytes; 3.5 Gm. of hemoglobin; 
34,000 leukocytes, predominately neutrophils; 14 nucleated erythrocytes per 100 leukocytes; 
and marked hypochromia with anisocytosis. He was given antibiotics and a total of eleven 
blood transfusions, and he recovered. Blood samples for our studies were obtained two 
months later, in May, 1954. These showed reticulocytosis, hypochromia, and morphologic red 
cell changes similar to those of the propositus, 2.6 per cent fetal hemoglobin and 35 per 
cent abnormal hemoglobin. 
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Subject 8, the 40-year-old brother of the propositus, had always been well. There were 
no detectable abnormalities of the blood. 


Fig. 2.—A, Wright-stained smear of blood from’ propositus (525); B, Wright-stained smear of 
blood from Subject 12 (525); C, reticulocyte preparation of blood from propositus (500). 
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' Subject 7, the 24-year-old brother of the propositus, had been known to be anemic 
since 1947. Like the propositus and Subject 9, he was of small stature with a height of 
56 inches, and a weight of 112% pounds. He had an enlarged spleen which extended 4 
em. below the left costal margin, and he had similar red cell changes on the stained blood 
smear. He had 3.9 per cent fetal hemoglobin and 40 per cent of the hemoglobin was 
abnormal by electrophoresis. Osmotic fragility of the red cells was decreased. Red cell 
survival study with Cr51-labeled cells was markedly shortened, as shown in Fig. 4. 

We have not had the opportunity to study Subjects 5 and 6 except that a hemoglobin 
solution from Subject 5 was shown to be normal by paper electrophoresis. Subject 6, the 
35-year-old sister of the propositus, is said to have an “allergy” and to be receiving iron 
and liver shots. Two siblings of the propositus (Subjects 3 and 4) died in infancy of 
unknown causes. The propositus’ parents (Subjects 1 and 2) are both well and have no 
anemia. Free electrophoresis of carbonmonoxyhemoglobin from subjects 1 and 2 shows 
no abnormal hemoglobin; electrophoretic patterns of hemolysates from the propositus’ parents 
(1, 2) and daughter (12) are shown in Fig, 5. All three show a small component moving 
with an electrophoretic mobility less than that of hemoglobin A. This component is also found 
in hemolysates from normal blood. Although not shown in Fig. 6, a, it was later observed 
in hemolysates from Subjects 7, 9, and 10. This component may be identical to the slow 

















Volume 47 HEMOGLOBIN H 55 
Number | 


OSMOTIC FRAGILITY 














100 = sane) 
a 
90F : 
' 
4 
80F ‘ 
} ‘ 
| r] 
70 ; 
' 
! 
60} ; 
% § 
g i 
S 50+ i 
Wy ! 
40} : 
x ' 
H 
30r 
ri 
i] 
20 : 4 
—— subject I2 
1OF ie— subject 10 
St --- normal 
Ofe------ @-— —-- - - —— on 
' v ' . T ™ T ™ Lj i Ld tT ys T bi | . q 
10 O9 O8 O7 O06 OS O04 O03 O02 ODO. 


TONICITY 


Tig. 3.—Osmotic fragility in saline of erythrocytes from Subjects 10 and 12. 
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Fig. 4,—Survival of Cr®!-labeled red cells from Subject 7 in his own circulation. 
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component described by Kunkel and Wallenius38 in normal adult blood. Pertinent laboratory 
data for all subjects studied are tabulated in Table I. Joint, abdominal, or back pain has 
not occurred in the three members who have the abnormal hemoglobin. 
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Fig. 5.—Electrophoretic patterns of carbonmonoxyhemoglobin made in Klett-Tiselius 11 
ml. cell at 1° C. with potential gradient of 7.5 volts per sq. cm. All were run in barbital 
buffer,8 pH 8.6, ionic strength 0.1. a, Subject 1, 150 min.; b, Subject 2, 150 min.; c, Subject 
12, 180 min. 
SPECIAL STUDIES 
Electrophoretic Behavior—The striking resemblance of Wright’s stained 
blood films from Patients 7, 9, and 10 to hereditary leptocytosis trait and the 
relatively severe clinical symptoms of these patients suggested the possibility of 





a combination of an abnormal hemoglobin with hereditary leptocytosis trait. 
Electrophoretic analyses were therefore undertaken to investigate this possibility. 
An analysis performed on the carbonmonoxyhemoglobin of Patient 10 with the 
Klett-Tiselius apparatus in barbital buffer of pH 8.6 and ionic strength 0.1" 
revealed the existence of two hemoglobins (Fig. 6, a). Identical patterns under 
the same experimental conditions were obtained from Patients 7 and 9. The 
slower peak is normal adult hemoglobin A. It migrates with added normal | 
hemoglobin’ and its electrophoretic mobility curve (vide infra) is identical with 
that given by Pauling and associates! for normal adult carbonmonoxyhemoglobin. 
No abnormal hemoglobin was demonstrated under the same experimental condi- 
tions in Subjects 1, 2, 8, and 12. The more rapidly migrating hemoglobin is 
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Fig. 6.—a-d, Electrophoretic patterns of carbonmonoxyhemoglobin from Subject 10 made 
in Klett-Tiselius 11 ml. cell at 1° C. with potential gradient of 7.5 volts per sq. cm. a, Bar- 
bital buffer,’ pH 8.6, ionic strength 0.1, 270 min., b, phosphate buffer, pH 6.0, ionic strength 
0.1, 270 min.; ec, same conditicns as in Fig. 5, a except that carbonmonoxyhemoglobin has been 
stored five months at 4° C.; d, Same conditions as in Fig. 6, a except that carbonmonoxyhemo- 
globin has been subjected to solubility test for hemoglobin S.% 
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Fig. 7.—Electrophoretic mobilities of pure A and pure H carbonmonoxyhemoglobin. All 
runs were made in Klett-Tiselius 11 ml. cell at 1° C. with potential gradient of 7.5 volts per 
sq. cm, 3uffers for pH 5.0 to 8.0 are those of Miller™ and for pH 8.6, barbital buffer.8 All 
have ionic strength of 0.1. 
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abnormal and we have designated it “hemoglobin H.”* The amount of hemo- 
globin H in hemolysates from Patients 7, 9, and 10 is 35 per cent to 40 per 
cent of the total hemoglobin, as noted in Table I. Since different proteins 
may have the same electrophoretic mobility at a certain pH, it is of paramount 
importance that every new hemoglobin be investigated over a wide pH range 
and be characterized by its isoelectric point and its electrophoretic mobility 
curve. For this reason electrophoretic analyses of the carbonmonoxyhemo- 
globins of Patient 10 were performed with the Klett-Tiselius apparatus through- 
out the pH range from 5.5 to 8.6. The buffer systems of ionic strength 0.1 
described by Miller and Golder** were utilized except for pH 8.6 where the 
previously mentioned barbital buffer was used. The analyses were carried out 
at a temperature of 1° C. and the hemoglobins were allowed to migrate for 
four and one-half to seven hours under the influence of a potential gradient 
of 7.5 volts per square centimeter. The pattern obtained at pH 6.0 is shown 
in Fig. 6, b. The mean electrophoretic mobility was calculated from the ascend- 
ing and the descending limbs for both the normal hemoglobin A and the ab- 
normal H. The curves obtained by plotting the electrophoretic mobility of each 
hemoglobin against pH are shown in Fig. 7. The two curves are widely separated 
from each other and the difference between their isoelectric points is large. The 
isoelectric point and the mobility curve of the normal hemoglobin A are not 
significantly different from those reported by Pauling. The isoelectric point of 
hemoglobin H is in the vicinity of pH 5.60 (between pH 5.5 and 5.65), which 
is markedly lower than that of hemoglobin A. 


Absorption Spectra.—The absorption spectrum of hemoglobin H (obtained 
in pure form from the electrophoretic cell with the sampling device’*®) was com- 
pared with that of normal adult hemoglobin from 660 to 220 my with the Beck- 
man DU spectrophotometer. There is no significant difference between the two 
spectra; both have the same maxima and minima. 


Ultracentrifugal Analyses—Pure fractions of hemoglobin A and hemo- 
globin H obtained from the electrophoretic cell were analyzed simultaneously 
with a Spinco analytic ultracentrifuge.” It was observed that hemoglobin H 
has a slightly higher sedimentation constant than hemoglobin A. Whether 
this is due to a higher molecular weight, different molecular shape, or to an 
early phase of denaturation and aggregation of hemoglobin H is not known. 
Further studies are planned to investigate these possibilities. 


Stability and Solubility—wWhen clarified hemolysate from Patients 7, 9, and 
10 was allowed to stand in the refrigerator (4° C.) or at room temperature, a 
brown precipitate gradually formed. Electrophoretic analyses of the supernatant 
solution, after removal of the precipitate by centrifugation, revealed that the 
amount of hemoglobin H was progressively diminishing, and that it finally dis- 
appeared completely. This is shown in Fig. 6, c, which is the same sample of 
hemoglobin shown in Fig. 6, a, reanalyzed under identical experimental condi- 





*Other abnormal hemoglobins, which like hemoglobin H migrate faster than normal 
adult hemoglobin at pH 8.6, have been recently observed by Page, Rucknagel, and Jensen,” 
Motulsky,” Sturgeon and Bergren,* Thorup,” and Fessas and Gouttas.2%% Of these hemoglobins, 
those of Jensen and associates, and Thorup have different electrophoretic mobilities than that of 
hemoglobin H, either at pH 8.6, pH 7.0, or at both pH’s, on paper electrophoresis. 
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tions after five months’ storage at 4° C. Acidhematin analyses performed on the 
precipitate revealed that it is precipitated hemoglobin. When pure hemoglobin 
H and hemoglobin A were obtained from the electrophoretic cell, only hemoglobin 
H precipitated rapidly on storage. Attempts to bring the precipitated hemo- 
globin back into solution have so far been unsuccessful. Thus, it appears that 
hemoglobin H is unstable and in time precipitates in an irreversibly denatured 
form. The denaturation proceeds faster on the acid side of the pH scale. Prac- 
tically complete denaturation of hemoglobin H occurs by a single freezing and 
thawing. All attempts to prevent this denaturation by storing the hemoglobin 
in buffers of different ionic make-up, pH, or ionic strength have failed. 


The solubility test for hemoglobin S,* performed with hemolysates contain- 
ing hemoglobin H, gave a flocculent precipitate in the 2.24 M phosphate, which 
after centrifugation at high speed separated as a brown layer at the surface. 
Attempts to redissolve the precipitate by suspending it in isotonic saline and 
oxygenation were unsuccessful. The clarified hemoglobin solution, after the 
removal of the precipitate, was dialyzed against cold water to remove the buffer 
salts and then against barbital buffer of pH 8.6, ionic strength 0.1. An elec- 
trophoretie analysis performed on this solution disclosed that the bulk of hemo- 
globin H had been precipitated (Fig. 6, 2), leaving only a very small amount 
in solution. 


Inclusion Bodies.—Reticulocyte and sickling preparations of the subjects 
who have hemoglobin H were observed to have intraerythrocytic inclusion bodies 
in nearly all red cells, as can be seen in Fig. 2, C. Wright’s stained smears did 
not exhibit these bodies, and at first they were discounted as being due to crena- 
tion. This misconception was enforced by another observation. Cells from 
oxalated venous blood, when freshly mixed with reticulocyte stain or sodium 
metabisulfite, resembled the cells shown on Wright’s stained smears (Fig. 2, A). 
A period of fifteen to thirty minutes was required before the intraerythrocytic 
bodies appeared. Because of the solubility and stability characteristics of the 
purified abnormal hemoglobin, an attempt was made to determine whether the 
factors leading to formation of these bodies are the same as those which cause 
denaturation and precipitation of hemoglobin H. Wet mounts of freshly 
drawn red cells from the propositus suspended in reticulocyte stain,® in 2 per 
cent sodium metabisulfite, and in the patient’s plasma were observed by phase 
microscopy. In all three types of preparation, beginning in ten to thirty 
minutes after the mount was set up, a coalescence of intraerythrocytic material 
into many refractile globules which oriented themselves at the periphery of 
the cell was observed. No erystalline structure was discernible; the bodies 
were seen to take up a blue color in the reticulocyte preparation. When 
clarified oxyhemoglobin solutions from the propositus were mixed with 
Similar solutions of reticulocyte stain or 2 per cent sodium metabisulfite, a 
precipitate formed. As in the precipitates formed in the solubility test, these 
could not be redissolved. Conversion of the washed precipitate to acid- 
hematin, and quantification as hemoglobin accounted for 32.7 per cent of the 
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original hemoglobin concentration. Pure hemoglobin H obtained from the 
electrophoretic cell was precipitated by these agents, while pure hemoglobin A 
was not. 

If the formation of such inclusion bodies, which appear to represent 
denatured hemoglobin H, is of any clinical significance, they should oceur 
in vivo. To test this possibility, capillary blood from Subjects 7 and 10 was 
observed in a petrolatum-rimmed cover slip preparation as soon as possible 
(thirty to sixty seconds) after finger-stick. This was done before and after 
application of a tourniquet for three minutes. In both subjects, 60 to 80 per 
eent of the red cells contained the inclusion bodies when such preparations 
were first observed, and over a period of ten minutes all the red cells were 
affected. No significant difference was noted in the number of cells containing 
inclusions in capillary blood before or after tourniquet applications. 

Red Cell Survival.—Red cells from Subject 7 were labeled with radioactive 
chromium, washed three times in physiologic saline solution, and reinjected. 
Blood volume and red cell mass were calculated from the activity of a blood 
sample obtained after fifteen minutes and were 4,250 ml. (83.5 ml. per kilo- 
eram) and 1,615 ml. (31.7 ml. per kilogram), respectively. Fig 4 is the survival 
curve of these cells and the normal range we have observed using this method.*° 

Osmotic Fragility Because of the morphologic similarity of red cells from 
Subjects 7, 9, 10, and 12 to those of hereditary leptocytosis, quantitative osmotic 
red cell fragilities were made on Subjects 7, 10, 11, and 12. All except Subject 
11, who is normal by all other eriteria, show a definite increased resistance to 
hypotonie saline solution. This is illustrated in Fig. 3. 

GENETICS 

One or more pairs of somatic genes appear to control hemoglobin synthesis. 
Neel’s*® hypothesis of the occurrence of the gene for sickling in the heterozygous 
or homozygous form for sicklemia and sickle-cell anemia, respectively, fits both 
the mode of transmission and the quantities of abnormal hemoglobin found in 
the two conditions. Similar genetic patterns have been observed for hemoglobin 
C,? D*, E,* and G.° The observation that sickle-cell trait patients usually have 
40 per cent, rather than the theoretical 50 per cent, abnormal hemoglobin and 
may have as little as 5 per cent sickle-cell hemoglobin implies that the effective- 
ness of the abnormal gene may be less than that of the normal. Rich*’ has 
suggested that the presence of the gene for hereditary leptocytosis trait, which 
appears to follow similar genetic patterns, interferes with the synthesis of 
normal hemoglobin. In a few cases of simultaneous occurrence of hereditary 
leptoeytosis trait and the trait for hemoglobin S**-*? or hemoglobin C,** the 
quantity of the abnormal hemoglobin has been greater than the theoretical 50 
per cent. 

The pattern of inheritance observed in the family reported here is not 
easily explainable on these mechanisms. Absence of the abnormal hemoglobin 
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and of any significant anemia in Subjects 1 and 2 could be accounted for by 
several hypotheses and our data are not adequate to decide among these: 


1. Hemoglobin H is transmitted as a recessive characteristic and in the 
homozygous form causes production of only 30 to 40 per cent abnormal hemo- 
elobin. 

2. Hemoglobin H is transmitted like the other abnormal hemoglobins but 
was not observed in either parent because of: (a) False paternity. This was 
not substantiated by history, and the ABO, MN, and Rh blood types do not 
exclude paternity or sibship. (b) Occurrence of the hemoglobin H gene as a 
mutation in the germ-cell layer of Subjects 1 or 2 without involvement of their 
somatie cells. (¢) Marked variation of penetrance of the abnormal hemoglobin 
so that an insufficient amount is synthesized by Subjects 1 or 2 to be demon- 
strable by electrophoresis. (d) Penetrance of the abnormal hemoglobin is in- 
creased by the presence of the gene for hereditary leptocytosis. The 
morphologic changes and the osmotic fragility curves of the propositus, her 
two brothers (7 and 9), and her daughter would be compatible with this 
genetic make-up. Her father (2) has definite hypochromia but no anemia and 
no morphologic changes of the red cells on stained blood smears. He may have 
leptocytosis trait, which is transmitted to his children (7, 9, and 10) and to 
his granddaughter (12). This interpretation would imply that the propositus’ 
mother (1) carries the genetic abnormality which causes no demonstrable ab- 
normality in her hemoglobin, but when present together with the gene for lepto- 
cytosis trait in her children (7, 9, and 10) produces the clinical picture described. 

Until more family studies are completed, the mode of inheritance of hemo- 
globin H remains uncertain. At present the most likely possibility is the simul- 
taneous occurrence of H trait with hereditary leptocytosis trait in Subjects 7, 9, 
and 10. 

DISCUSSION 


Morphologie alterations of the red cells have been described in hemo- 
globinopathies due to the presence of hemoglobins S and C. The pathogenesis 
of the occlusive vascular complications and the shortened red-cell survival has 
been attributed to the sickling phenomenon in sickle-cell anemia, and this in 
turn is thought to be due to the tactoid formation of S hemoglobin in the re- 
duced form.** Intraerythrocytie erystals®** have been observed in homozygous 
C disease following splenectomy. Whether the occurrence of these bodies is 
related to the hemolytic process demonstrated in this condition®® is not ap- 
parent. Minnich and associates*’ described intraerythrocytice inclusion bodies 
in a group of patients studied in Thailand, some of whom were later shown to 
have a combination of hereditary leptocytosis trait and hemoglobin E.4| Again 
the relationship of the bodies to the hemolytic process is unknown. 

The appearance of intraerythrocytie inclusion bodies in our patients oc- 
curs under conditions which cause irreversible denaturation of hemoglobin H. 
The faet that such red-cell changes are present in freshly drawn eapillary blood 
suggests that hemoglobin H exerts an in vivo effect and may cause the observed 
shortened red-cell survival. We have no direct proof that the cells containing 
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inclusion bodies of precipitated hemoglobin H are more susceptible to hemolysis, 
but it is presumed that they are. Whether the formation of the bodies represents 
an irreversible change is also not proved. They are not seen in samples of 
venous blood which have been shaken with an anticoagulant, probably because 
the blood is oxygenated in this process. Since the inclusion bodies are present 
in capillary blood it seems probable that the formation of intracellular aggre- 
gates of hemoglobin H is reversible. More studies are needed to correlate the 
in vitro changes with factors such as oxygen tension and pH which may alter 
the cells in the circulation. 


It is possible to rephrase in purely physicochemical terms this concept of the 
pathogenesis of hemoglobin H disease. Instability of hemoglobin H has been 
demonstrated; pH and oxygen tension alter the rate at which the molecule de- 
natures, but irreversible precipitation occurs in spite of attempts to control 
these factors. It is conceivable that hemoglobin H molecules, as synthesized, 
have unstable surface forces or chemical bonds which may break at random be- 
cause of environmental factors (especially at sites in vivo where lowered pH and 
reduced oxygen tension occur), resulting in an alteration of the original 
molecular form. This would lead to a definite half-life of hemoglobin H 
analagous to that of a radioactive isotope. The denatured form, being less 
soluble, may precipitate to form the observed intraerythrocytie inclusion bodies 
when a critical concentration is reached. Subsequent destruction of the cells 
containing such bodies may account for the shortened survival time of the 
hemoglobin H containing erythrocytes. 


SUMMARY 


Kight members of a Chinese family have been studied. Three of these 
have a previously undescribed hemoglobinopathy characterized by hypochromiec 
microcytiec anemia refractory to iron therapy, reticulocytosis, splenomegaly, in- 
ereased red-cell resistance to hypotonic saline solution, and shortened red-cell 
survival. The inheritance of this condition is not typical of a dominant gene. 
The abnormal hemoglobin H accounts for 35 to 40 per cent of the total; fetal 
hemoglobin is present in slightly increased amounts, and the remainder is normal 
adult hemoglobin. Hemoglobin H differs from normal adult hemoglobin in 
having a more rapid electrophoretic mobility on the alkaline side of the pH 
range, and a lower isoelectric point. 


Hemoglobin H precipitates in an irreversible form from solution and in the 
red cells, forming intraerythrocytie inclusion bodies. This alteration occurs 
at a more rapid rate with increasing acidity or decreasing oxygen tension but 
appears to be due to an inherent molecular instability. Attempts are made to 
relate the characteristics of the abnormal hemoglobin to the morphologic 
changes in the red cells and to the pathogenesis of the disease. 


ADDENDUM 


Since preparation of this manuscript, we have learned of independent observations 
by Fessas23 and Goutas of a Greek family, some members of which have leptocytosis trait 
and some members have an abnormal hemoglobin. The latter have a clinical picture and 
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laboratory findings very similar to the patients described here. Electrophoretic mobility and 
instability of the abnormal hemoglobin, as shown by paper electrophoresis, appear to be 
similar if not identical with our findings. They also observed in vitro formation of erythrocyte 
inclusion bodies in brilliant cresyl blue _ preparations. 


We are indebted to Drs. F. M. Bryant, Marian Hayes, W. H. Perry, and D. B. 
Roxburgh for their help in obtaining specimens for these studies, and to Dr. Arthur Frisch 
for doing blood-typing studies. We wish to acknowledge the work done by Miss Marie Duerst, 
Mrs. Charlotte Moffat, Miss Barbara Hoffman, John Brooke, Miss Sophia Langas, and other 
members of our technical staff who helped carry out the special studies described. 
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LABELING HUMAN ERYTHROCYTES WITH RADIOCHROMIUM* 


Mitton Cooper, M.D.,** ANp CHARLES A. OWEN, JR., M.D.*** 
ROCHESTER, MINN. 


OR estimation of bodily erythrocyte mass with Cr°'-labeled erythrocytes,’ 

it is important that the amount of the labeling agent bound to the cells be 
known.?, For the evaluation of erythrocyte survival®* or of alimentary-tract 
bleeding,*? it is not important if a small amount of the Cr°! is unattached to the 
cells, for the noneellular Cr*! disappears almost completely from the circulating 
plasma of the patient within one to two days. The simplest way to label erythro- 
eytes would be to add the radiochromium to whole blood. Such a technique was 
studied with the use of variations in anticoagulant, temperature, time, hematocrit 
value, and order of mixing the components. To study the rates of reaction, 
labeling was halted at will by the addition of ascorbic acid to the reaction 
mixtures. 

METHODS 


Inhibition of Labeling With Ascorbic Acid.—Varying amounts (0.1 to 20 mg.) of 
ascorbic acid in 1 ml. of 0.9 per cent NaCl were added to 3 ml. aliquots of whole blood (in 
citrate-dextrose anticoagulant), and this was followed by 1 ml. of Na,Cr510, in NaCl 
solution.t In Fig. 1 it is shown that 8 or more milligrams of ascorbic acid per 3 ml. of blood 
was able to block Cr51-labeling almost completely. More than 20 mg. of ascorbic acid per 
3 ml. of blood caused hemolysis. The addition of 12 mg. of ascorbic acid per 3 ml. of 
blood was selected for routine analyses of inhibition. 

Anticoagulants——Two milliliter volumes of (a) sodium citrate (1.9 per cent in saline 
solution), (b) sodium salt of heparin (1 mg. in saline solution), (¢) Baxter Laboratories, Inc. 
citrate-dextrose} (based on U.S.P. XIV), or (d) Strumia citrate-dextrose§ were added to 10 ml. 
of whole blood. 

Temperature.—Water baths set at 26° and 387° C. were used. 

Measurement of Cré1-Labeling.—Following the addition of ascorbic acid to a mixture of 
whole blood and Cr51, the specimen was centrifuged. The sedimented cells were washed 
three times with saline solution; then they were assayed for Cr51, The Cr51 in the cells 
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tBaxter Laboratcries, Inc. solution: 


Sodium citrate 1.37 
Citric acid .50 
Dextrose 2.45 
Water to make 100. 


§Strumia solution’: 
Disodium citrate, 


monohydrate 2.55 
Citric acid .80 
Dextrose 1.20 


Water to make 100. 
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was compared with the total amount of Cr51 added to the blood and was recorded as ‘‘Cr51 
bound to cells (per cent).’’ Measurements of radioactivity were in a sodium iodide (thallium- 
activated) crystal of the well type. At our usual settings, the Cr51 yielded 1,400 counts per 
second (cps) per microcurie over a background of about 4 eps. 
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Fig. 1.—Inhibition of Cr labeling of erythrocytes with ascorbic acid. Variable amounts 
of ascorbic acid in solution were added to 3 ml. whole blood in citrate-dextrose solution; 
finally Cr®4!, as chromate ion, was added. The percentage of maximal possible labeling was 
measured after fifteen minutes. 


RESULTS 


1. Effect of Anticoagulants on Cr*!-Labeling—wUse of the citrate-dextrose 
(ACD) anticoagulants led to a higher degree of Cr°!-labeling than when heparin 
or sodium citrate was used (Fig. 2). Acidification of heparin to the pH of the 
ACD solutions (5 to 5.5) did not significantly improve labeling of heparinized 
blood. 

Fig. 3 illustrates the improved labeling of blood containing the Strumia 
type of ACD solution. In any ACD solution the erythrocytes swell, as deter- 
mined by the hematocrit value; perhaps the slightly greater swelling which we 
found in association with the Strumia ACD solution accounts for its improved 
labeling. 

2 and 3. Effect of Temperature and Time on Cr*!-Labeling (Fig. 4).—The 
erythrocytes of blood mixed with Strumia ACD solution were maximally labeled 
with Cr®! within about five minutes when the reaction occurred at 37° C. The 
peak was not reached until about fifteen minutes, at 26° C. However, the 
degree of labeling in fifteen minutes was practically the same at both tempera- 
tures. In all our studies with Strumia’s ACD anticoagulant, maximal Cr°!- 
labeling seemed to oceur within about fifteen minutes (Fig. 3). 
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4. Effect of Hematocrit and Cr*-Labeling—In Fig. 5 is represented the 
maximal erythrocyte-labeling with Cr*! in 18 patients in whom hematocrit 
values varied from 16.4 to 49.6 per cent, corrected in the manner explained 


by Owen and Power.’ 


An approximately linear relationship seems to hold, 


with poorer labeling as the proportion of erythrocytes diminishes. 
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Fig. 4.—Effect of temperature on efficiency of labeling of erythrocytes with Cr®!. 
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Fig. 5.—Efficiency of erythrocyte-labeling with Cr! in 18 cases in which the hematocrit values 


varied from 16.4 to 49.6 per cent. 
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5. Effect of Order of Addition of Components on Cr*-Labeling.—To eval- 
uate the effect of the Strumia ACD solution on chromate,*! the radiochromium 
solution was added to the ACD solution (a) after the whole blood (control), 
(b) five hours before the blood was added, and (c) twenty days before the addi- 
tion of blood. The mixture of chromate*! and ACD solution for five hours had 
no observable effect on labeling, but in twenty days the erythrocytes were able 
to bind only about 5 per cent of the Cr°! as compared with the control. 


DISCUSSION 


Labeling of erythrocytes with Cr*! never reaches 100 per cent when the 
Cr°* is added to whole blood. Presumably this is because a small amount of 
chromate ion can be bound directly to the plasma or, more important, plas- 
matie reducing substances convert the chromate to the chromic ion and the 
latter is bound to the plasma proteins. Only the chromate ion seems capable 
of penetrating the erythrocyte membrane. The longer the exposure of the 
chromate ion to the reducing substances of the plasma, the less the cellular 
labeling. This can be demonstrated by mixing plasma with radiochromate for 
varying periods of time before the erythrocytes are added (Table I). 


TABLE I. REDUCED EFFICIENCY IN LABELING OF ERYTHROCYTES WHEN THE CHROMATES1 
SoLUTION IS PREMIXED WITH PLASMA 

















MIXING TIME OF SODIUM CHROMATE-CR51 PER CENT CR51 BOUND TO 
AND PLASMA ERYTHROCYTES 
1 minute 80.0 
1 hour 57.4 
2 hours 54.3 
3 hours 51.4 
4 hours 50.5 








Whole blood was mixed with Strumia’s citrate-dextrose anticoagulant and the plasma 
obtained by centrifugation. To the plasma was added the radiochromate solution for the 
specified periods. Finally, a constant volume of erythrocytes was added and labeling was 
permitted to progress for fifteen minutes at 26° C. The Cr* in the cells, after washing with 
saline solution, is recorded as the rer cent of Cr! originally added to the plasma. 


Factors which tend to inerease erythrocyte labeling include the use of a 
citrate-dextrose solution (particularly the Strumia type), a temperature of 
37° C., and a high hematocrit value. However, the patient’s hematocrit value 
‘annot be controlled, and labeling at room temperature for fifteen minutes 
proved to be almost as effective as at 37° C. Since ACD solutions do not 
materially reduce the chromate ion within the first few hours, it is possible 
to add the Cr*! to the ACD solution prior to addition of the whole blood. 

Our routine method of labeling erythrocytes with Cr°!-sodium chromate, 
for studies of survival of erythrocytes or quantitation of bleeding, is based 
on the foregoing findings. Ten milliliters of Strumia’s ACD solution is placed 
in a 100 ml., rubber-capped bottle and is heat-sterilized. When a study is to be 
conducted in the laboratory, we place about 50 ml. of the patient’s venous 
blood in the bottle and follow this with about 300 ne Cr*! (containing less than 
200 pg Cr). The mixture is swirled for fifteen minutes at room temperature. 
A. carefully measured volume, usually 50 ml. of the mixture, is returned to 
the patient. For hospitalized patients we first add the Cr®*! to the ACD solu- 
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tion within an hour of the labeling procedure; then at the bedside the blood 
is added; all is mixed for fifteen minutes and given intravenously to the 
patient. 





For the determination of survival rates of the labeled erythrocytes, Ebaugh 
and colleagues‘ have recommended the measurement of Cr® per milliliter of 
Cr™ per milliliter whole blood 


eells; that is, ; —-+ Strumia and associates’® have 
hematocrit value 





pointed out that this method may be seriously misleading if the patient is 
generating new cells at a rate significantly different from the rate of destruc- 
tion. To circumvent this problem, Strumia’s group determined the Cr* per 
milliliter of cells and corrected for changes in the bodily erythrocyte mass as 
determined by multiple determinations of blood volume. 

As an example, assume that, in a given case, aplastic anemia caused an 
erythrocyte volume of 2 L. to shrink to 1 L., a plasma volume of 3 L. to in- 
erease to 4 L., and, therefore, the hematocrit value to fall from 0.4 to 0.2. It 
may be assumed further that the patient’s blood was labeled initially to the 
extent of 100 eps per milliliter of erythrocytes; that is, 40 eps per milliliter of 
whole blood initially and 20 eps per milliliter finally (ignoring radioactive decay 
and elution of Cr*! from the cells). According to the basic formula of Ebaugh’s 
group, the apparent value for survival of erythrocytes would be 100 per cent. 
Taking into account the change in bodily erythrocyte mass, the formula of 


final red-cell mass 
initial red-cell mass 





Strumia’s group would be: apparent cell survival x 


== 100 per cent x 144 = 50 per cent survival, which in this example is correct. 
Much simpler, though, is the avoidance of blood-volume and hematocrit deter- 
minations by measuring the radioactivity of the whole blood; in this case: 


20 eps/ml. blood finally 
40 eps/ml. blood initially 


It can be readily calculated that when the blood volume remains constant 
the measurement of the Cr*! per milliliter of whole blood alone accomplishes 
the same goal as the tedious method proposed by Strumia’s group. This 
simplification is imperfect if the blood volume varies; that is, changes in eryth- 
rocyte mass are not completely compensated for by changes in plasmatice volume, 
but calculation indicates errors of only a few per cent with any moderate 
fluctuation of whole-blood volume. If new cells are being formed at approxi- 
mately the same rate as old cells are being lost or destroyed, all three methods 
give valid results. 





= 50 per cent. 


To ealeulate survival of erythrocytes, we assay the radioactivity of whole 
(heparinized) blood and plot the radioactivity per milliliter. After the first 
two to five days the observed values are usually linear when plotted logarith- 
mically against the time in days. There is usually a slightly faster fall in 
radioactivity during the early period, and this also has been found with the 
Ashby technique.*? Values for the first few days, therefore, are ignored unless 
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the slope is so steep as to indicate severe cellular destruction or loss. The sur- 
vival value is calculated as the slope of the linear portion of the curve or, more 
simply, as the half-time of this linear portion. 

In the cases of seven normal young adults, the 50 per cent survival time 
varied between twenty-eight and thirty-seven days. This is in excellent agree- 
ment with published values derived from studies in which other labeling tech- 
niques and methods of assay were employed. 


> 


SUMMARY 


1. The kinetics of erythrocyte labeling with Cr°! were studied by blocking 
the reaction at various time intervals with ascorbie acid. 

2. The degree of labeling varied with the anticoagulant used, from least 
to most effective: heparin, sodium citrate, Baxter brand of citrate-dextrose, and 
the citrate-dextrose preparation of Strumia. 

3. Erythrocytes were labeled much more rapidly at 37° C. than at 26° C. 
in citrate-dextrose solution, but after fifteen minutes the difference was slight 
with the Strumia preparation. 

4. The less the hematocrit value, the less efficient was the Cr°'-labeling. 

5. These findings are applied in labeling to determine survival of erythro- 
eytes or quantitation of bleeding into the alimentary tract. 
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APPLICATION OF THE Cr**? TECHNIQUE TO THE STUDY OF 
EXPERIMENTAL HEMOLYSIS IN THE DOG 


FREDERICK STOHLMAN, JR., M.D., AND Marvin A. SCHNEIDERMAN, M.A. 
BETHESDA, Mp. 


TUDIES of red cell survival in the experimental animal have been limited 

by the difficulty in obtaining antisera adequate for quantitative differential 
agglutination.» * When adequate sera are available, the measurement of 
surviving inagglutinable cells is tedious, time consuming, and subject to con- 
siderable error. Isoimmunization has also presented a problem, In our experi- 
ence, evidence for isoimmunization has been found following 8 of 33 trans- 
fusions where donor and recipients had been cross-matched and were com- 
patible for the canine antigens described by Young and associates.* The in 
vivo labeling of red blood cells with isotopes such as C**,*° N,® or Fe or 
Fe®®,* & ® which eliminates the necessity of transfusion, has been limited due 
to significant reutilization of the isotope or the technical difficulties encountered 
in the measurement of activity. 

Recently Ebaugh and associates,'° and Nechles'! have demonstrated that 
‘adioactive chromium®! can be used for estimation of red cell survival in 
humans. The technique employed permits autotransfusion and there is no 
significant reutilization of the isotope. Moreover, since Cr*' is a y emitter, 
the accurate measurement of activity does not present a problem. The one 
disadvantage to the chromium method is that the loss of activity is greater 
than ean be attributed to cell death alone. In normal males, Ebaugh’® observed 
that this excessive loss was an exponential function with a half life of 77 + 12 
days or an average daily rate of loss of 0.9 per cent. <A similar figure was 
reported by Nechles,"! based on in vitro as well as in vivo studies. A leakage, 
or elution, of chromium from the surviving cells appears to be the most likely 
explanation for this phenomenon. 

In the present report, data are to be presented on the applicability and 
limitations of this method for estimation of red cell survival in an experimental 
animal, the dog. 


METHODS AND MATERIALS 


To establish the validity of the technique, simultaneous measurements of red cell 
survival by Cr51 and differential agglutination techniques was made. Two hundred fifty 
milliliters of fresh, normal serologically identifiable cells was collected in ACD,* chromated, 
as described below, and transfused into suitable recipients weighing approximately 15 kg. 
When red cell survival was estimated with Cr51 alone, following auto- or homotransfusions, 
only 30 to 50 ml. of blood was required. The red cell mass of all recipients was kept 
constant by removing immediately prior to transfusion a volume of blood equivalent to 
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Arthritis and Metabolic Diseases, and the Section on_Biometrics and Epidemiology of the 
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that which they were to receive. When survival by differential agglutination was 
measured, the donors were A-negative and recipients A-positive.s Compatibility was 
established for the canine agglutinogens B, C, D, E, and F,3 and the animals were cross- 
matched with the indirect globulin technique. The technique of differential agglutination 
has been previously described.2 

Red cells were tagged with Cr51 by introducing 0.2 to 0.5 ml. of an aqueous solution 
of radioactive sodium chromate, Na,Cr510,, into fresh whole blood, collected in ACD. 
Five to fifteen micrograms of chromium metal with a specific activity of 0.7 to 2.5 me. 
per milligram was added per milliliter of cells. The blood was mixed immediately and 
incubated for one hour at room temperature. During incubation, the blood was mixed by 
hand every five to ten minutes, Determination of the activity of plasma and red cells 
immediately following incubation showed that 85 to 90 per cent of the Cr51 had been 
taken up by the red cells. Removal of plasma prior to transfusion was not considered 
necessary since Ebaugh1° noted that no more than 12 per cent of the plasma radioactivity, 
or about 1 per cent of the total injected activity, became attached to the recipients’ red 
cells following transfusion. The Cr51 activity in the recipient was determined twice a 
week. From 1 to 3 ml. of venous blood was collected in oxalate and measured; the 
capillary hematocrit was determined by the method of Strumia,!2 the cells hemolyzed with 
saponin, and the volume brought to 6 ml. with distilled water. On the day of transfusion 
and the following day the blood was washed twice with isotonic saline to remove residual 
plasma radioactivity. After that, the plasma radioactivity was insignificant. Samples 
were counted in a shielded well-type scintillation counter with an over-all efficiency of 
approximately 3 per cent for Cr51 and a background of 200 to 210 C P M. Twelve 
thousand, eight hundred counts were measured in duplicate and corrected for physical 
decay; activity was then calculated as C P M per milliliter of packed cells. 

Calculation of “Elution” Rates——The destruction of normal red cells has been con- 
sidered by most observers to be due to death from aging or senescence alone.13,14 Where 
this is the only source of destruction, the number of transfused cells remaining t days 
following transfusion is given by: 


Tt where: N,— number of cells surviving to time t, 
(1) Ny, = Ng (==) : N, = number of cells transfused, 
T T — potential life span in days. 


If there is elution of chromium from each red cell and if this elution is a constant 
per cent of the amount of chromium remaining in the red cell, the amount of chromium 
still remaining in the red cell at any time, t, would be proportional to: 

(2) e-kt, where k is the constant rate of loss for Cr51, 

Thus Cr51 activity of tagged red cells reflects the loss due to cell death and chromium 
leakage and can be given as the product of the two expressions above: 


(3) N, (==) erkt. 


From expressions (1) and (3), it is possible to compute the constant of chromium 
elution, k: 








T-t 
a N, (=) where A = per cent of the original cells re- 
= = =e-kt maining at time t and C — per cent of the 
( N, (=) o-kt original Cr*1 activity remaining at time t. 
ay 
(5) log, (2) — kt; ko slog, (2) 
setae. 3 


If there is hemolysis present, and it is assumed that the hemolytic process is a constant 
random process (beginning at the time of the transfusion), then the curve found by the 
differential agglutination technique is described by: 





’ or hemolytic destruction. 


- 4 =_ ate P sts bore Te 
(6) N. =N, (=) ou, * here b = the rate of constant “random loss, 
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In the Cr51 measurements, assuming that the hemolytic process in no way changes 
the constant chromium elution, the curve of apparent survival can be described by: 


T 


(7) N=N, (=) e-(b+k) t, 


The constant of chromium elution can then be calculated exactly as before: 


(8) N, (7x) e-bt 
A _ T ext 


} nN. ¢t-t e-(b+k) t, 
7 


and a result identical with (5), above, is found: 


log (=) 
Se C 

t 

This means that if k is constant, the ratio of surviving cells to Cr51 activity plotted 
against time t will give a straight line when plotted on semilogarithmic paper. The slope 
of the line will be proportional to k. 

If there have been a series of simultaneous differential agglutination and Cr51 
readings over a time t, following transfusion, k can be estimated (by least squares, 
assuming that all points are equally well determined) from: 
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k, = - and k, is the estimate of k for the first t 


2t? days following transfusion. 


yf loseA) ty ™ ; ; 
> =| where t; is the it® day following transfusion 
1 





When values for differential agglutination are not available, as in the case of auto- 
transfusion of Cr51-tagged cells or when cells are tagged in vivo, a direct measurement of 
Cr51 elution cannot be made. An estimate, however, may be obtained from a “theoretical 
curve of senescence.” This is constructed by drawing a straight line from the value at 
time 0 to the point of extinction. This theoretically represents the loss of cells due to 
senescence. In the absence of hemolysis in either donor or recipient, values obtained from 
this curve should be identical with the true values for differential agglutination. The rate 
of Cr51 elution, k, is computed as before (5). In the presence of hemolysis, the values for 
k obtained in this fashion will include loss of Cr51 from both elution and hemolysis. 

For k to be a constant and the ratio of differential agglutination to Cr51 (A/C) a 
straight line on semilogarithmic paper, certain conditions must be met: (1) a constant 
chromium elution; (2) a constant random loss of cells if there is loss in addition to that 
from senescence and if values for differential agglutination have not been measured; and 
(3) independence of Cr51 elution from damage or loss of red cells. When these assump- 
tions are not met, k will not be a constant and the ratio of differential agglutination to 
Cr51 will not plot as a straight line on semilogarithmic paper. 

In this paper, we are concerned primarily with those cases in which the assumptions 
are met. <A separate communication will deal with cases in which the assumptions 
apparently have not been met and the k value is not a constant. 


RESULTS 


Simultaneous measurement of the survival of transfused normal erythro- 
cytes by Cr*! and differential agglutination is illustrated in Fig. 1. The point 
at which Cr™ activity was no longer detectable coincided in this and other 
transfusions with the disappearance of serologically identifiable cells. This 
indicates that Cr* activity is a measure of life span and that detectable re- 
utilization of chromium does not occur. As would be anticipated from the 
observations in humans,’® ™ the loss of Cr** activity could not be accounted for 
by the death of transfused cells alone. The loss of Cr*! activity in excess of 
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that from cell death in normal dogs appeared to be an exponential function 
(Table I, Fig. 2) with the loss constant (k) varying from | to 2 per cent in 
normal dogs. Similar values were obtained following homotransfusions of 
20 to 50 ml. of normal blood where the calculation of elution rate was based 
on a “theoretical senescence curve” (Figs. 2, 3, Table I). 


Fig. 


Fig. 


COMPARISON OF RED CELL SURVIVAL BY 
DIFFERENTIAL AGGLUTINATION AND Cr°! IN THE NORMAL DOG 
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2.—Posttransfusion survival of normal erythrocytes determined by Cr. Broken line 
indicates curve of theoretical senescence. 


Nechles and co-workers" have suggested that Cr®! data be expressed in 


terms of an apparent half time of Cr*! loss. The Cr*! values are plotted on 
semilogarithmic paper and the time at which 50 per cent of the original 
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activity remains is called the apparent half time. In normal dogs, this value 
varied from 21 to 30 days (Fig. 4). This figure includes loss of Cr** activity 
due to elution, cell death from senescence, and, when present, loss of red 
cells due to hemolysis or bleeding. Except in the presence of marked random 
loss of cells (Fig. 4), the curve does not plot as a straight line on semilogarith- 
mic paper. 


TABLE I. CALCULATED CHROMIUM ELUTION 








RATE + STANDARD ERROR 











DAYS AFTER DOG | DOG | DOG DOG 
TRANSFUSION 997 | 837 648 678 
1-10 0187 + .0024 0111 + .0088 0169 + .0023 .0197 + .014 
-20 .0193 + .0056 .0185 + .0089 : = 
21.30 on Loi + 0068 on } .0108 + .005 
i 0158 + .0039 ,? sili 0173 + .0024 
31-40 § j | P , 
41-50 ’ mee 7 eo 
motes 51 + .003¢ 27 + .00: i eran : 
More than 51 j eet ae j DaaY = aeee .0103 + .0084 
Total (Day 1 to .0162 + .0017 .0123 + .0014 0155 + .0007 .0114 + .0011 
last observation ) 
Dog 678 values computed from observed Cr! and differential agglutination. Dog 997 


(autotransfusion), Dog 837 (homotransfusion ), Dog 648 (in vivo tag) were computed using 
observed Cr! values and a theoretical senescence curve (see text). 
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Fig. 3.—Cr*! elution plotted on a semilogarithmic scale. Dogs 678 and 837 received homo- 
transfusion, and dog 997, autotransfusion. 





During the course of these studies of red cell survival, 8 of 33 dogs 
developed isoantibodies even though compatible for the known canine antigens. 
At times, the in vitro demonstration of such antibodies has not been possible. 
In one such ease, rapid hemolysis of Cr°!-tagged cells occurred on the seventh 
to tenth day in 4 different recipients when transfused with blood from the 
same donor. An antibody could not be detected in vitro by the indirect globu- 
lin technique. There was no evidence for blood loss or hemolysis of the re- 
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Fig. 4.—Posttransfusion survival of Cr™ red cells plotted on a semilogarithmic scale. Dogs 
678 and 997 show normal survival. Dog Sl had a severe hemolytic syndrome due to a 
lucite ball-valve prosthesis in the vascular system.?% 
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_ _, Fig. 5.—Survival curves showing apparent isoimmunization in dogs 1291 and 1289 fol- 
‘owing transfusion of cells from dog 542. Antibodies were not demonstrable in vitro. The 


curve of dog 542 represents survival of these donor cells following autotransfusion. The 
s 


survival curve of a dog (659) in whom isoimmunization to A: was demonstrated in vitro is 
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cipients’ own cells. Survival of the donor red cells following autotransfusion 
was not characterized by the same rapid hemolysis (Fig. 5). It seems reason- 
able, therefore, to assume that isoimmunization occurred even though the 
antibody was not demonstrable in vitro with the present techniques. In 2 
other cases when rapid hemolysis developed between the twentieth and 
thirtieth posttransfusion day, an antibody could not be demonstrated in vitro. 
In all of these transfusions, the type of curve resulting was similar to that 
where antibodies could be demonstrated (Fig. 5). 


In one dog, random destruction of serologically identifiable transfused 
cells was evident by both Cr* and differential agglutination techniques. The 
rate of random destruction determined by differential agglutination was 1.5 
per cent per day, and the apparent Cr*! half time, sixteen days. While the 
increased rate of destruction may have been on an immunologic basis, it seems 
unlikely that it was due to isoimmunization since the increased rate of destruc- 
tion was evident immediately after transfusion and there was no change in the 
rate of destruction during the course of the survival study. In this dog, 
determination of the elution of Cr*', as previously described, indicated an 
initially increased elution rate (k) which was not constant but progressively 
declined over the period of study. 

Red cell survivals estimated by autotransfusion of Cr°'-tagged cells closely 
paralleled those following homotransfusion. The life span in these studies 
varied from 90 to 120 days, and the apparent Cr*? half time fell within the 
‘ange of 21 to 30 days. Since the values for cell death could not be directly 
determined by differential agglutination, the rate of Cr*’ elution was calculated 
using a theoretical senescence curve as previously described. In 5 apparently 
normal dogs the elution computed in this fashion corresponded to the values 
of 1 to 2 per cent (Table I) obtained when elution was directly determined by 
simultaneous Cr*! and differential agglutination measurements. 

It is conceivable that the rate of Cr*! elution might depend on the con- 
centration of chromium metal per unit of cells. To reduce significantly the 
eoncentration of chromium, it would be necessary to use large volumes of 
blood, which would be technically difficult to handle, or reduce the counting 
accuracy by decreasing the activity per unit of cells. If in vivo tagging of red 
cells could be accomplished and chromium distributed throughout the red cell 
mass, significantly lower concentrations of metal per unit of cells could be 
achieved without sacrificing accuracy. 

Red cells were tagged in vivo by injecting over a five-minute period 800 
ne of Cr? into 15 kg. dogs. Approximately 10 per cent of the injected Cr’ 
was fixed to the red cell within the first twenty-four hours. There did not 
appear to be any further uptake of Cr*?, although there continued to be radio- 
activity in the plasma over a four to six week period, necessitating washing 
of the samples. Presumably the plasma Cr*! after the initial period is in a 
chemical form which is not taken up by the red cell. Assuming that the Cr®’ 
fixed to the red cells was distributed evenly throughout the red cell mass, the 
concentration of chromium metal was of the order of 0.15 yg per milliliter of 











lee 








yaa ° Cr51 TECHNIQUE IN EXPERIMENTAL HEMOLYSIS IN DOG 79 
iNumber 

red cells. In 3 dogs, the apparent half time and the apparent Cr*! elution com- 
puted with a theoretical senescence curve were similar to those where 5 to 10 
ug of chromium per milliliter of cells was used (Table I). 


DISCUSSION 


The present studies indicate the applicability of the Cr*! technique in the 
study of experimental hemolysis in the dog. The life span of normal canine 
red cells as measured by this technique varies from 90 to 120 days, which is in 
agreement with the results obtained with differential agglutination, Fe and N* 
or C* glycine. * % 15 16 17,18 Ag in man,!* ™ decrease in Cr*! activity is not 
a direct measure of cell destruction, since it was demonstrated by simultaneous 
differential agglutination and Cr*! estimates that the loss of Cr*! is greater than 
would be anticipated from cell death alone. The excess loss of Cr°! was an ex- 
ponential function in normal dogs with a constant rate of loss amounting to 1 to 
2 per cent per day. The determination that this loss was a constant is ecom- 
patible with the hypothesis that Cr* is not firmly bound to the red cell and as 
a consequence there is a leakage or elution of a fixed percentage of Cr°’ from 
the surviving cells.1° 11 These observations are not compatible with selective 
tagging or selective destruction, two other possibilities that have been advanced.’° 
Selective tagging if due to a greater uptake of Cr*! by older cells would lead to 
a progressively decreasing rather than a constant percentage of Cr*! loss 
throughout the period of study. The converse would be true if younger cells 
were selectively tagged. Selective destruction, the more heavily tagged cells 
being preferentially destroyed, would also produce a decreasing rather than a 
constant pereentage of Cr*! loss. Elution rates computed with a theoretical 
senescence curve, drawn from the value at time 0 to the point of extinction, in 
dogs receiving small homotransfusions, autotransfusions or after in vivo tagging 
of red cells, gave values of 1 to 2 per cent which were comparable to those 
measured directly by simultaneous estimates of differential agglutination and 
Crt Elution rates were unaffected by alteration of chromium metal con- 
centration between 0.15 and 10 ng per milliliter of cells. A similar experience 
in man has been recently reported by Mollison’® using high specific activity Cr°’. 

The variability of the elution rate in normal dogs from 1 to 2 per cent limits 
the usefulness of this procedure as a truly quantitative measure of cell survival. 
If a mean elution rate is used to correct a given Cr*! curve, either an overestimate 
or underestimate of the rate of cell destruction might result. This could sug- 
gest hemolysis where none existed or mask the presence of hemolysis. Conse- 
quently, detection of minor degrees of hemolysis is difficult with this technique. 

The Cr** curve may, at times, be misleading, because of an abnormal dis- 
tribution in the age of tagged cells. Normally it is assumed that there are equal 
numbers of cells of all ages present in the transfused blood. Such a distribution 
of cells gives a straight-line senescence curve when determined by differential 
agglutination. When there has been a continued slow random loss, over an ex- 
tended period of time, the age distribution of cells becomes distorted. There 
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will be fewer old cells and many more young cells than are normally present. 
If random loss continues after transfusion of such blood, as would be the case 
after autotransfusion, the majority of Cr*! loss will be due to elution and random 
loss. Relatively few cells will be lost due to senescence. As a consequence of the 
decrease in the number of cells lost from senescence, the Cr*! curve following 
autotransfusion of an abnormally distributed population of cells may fall within 
the normal range. If following autotransfusion of an abnormally distributed 
cell population there is a daily loss of Cr*! of 1.2 per cent from elution, 1.2 per 
cent from hemolysis, and 0.2 per cent from senescence, the resultant curve would 
be indistinguishable from the range of normals where there is a daily loss of 
1 to 2 per cent of Cr*' activity from elution and 1 per cent from senescence. 
These limitations apply only when the rate of hemolysis is relatively slow. 

Nechles and associates'! have suggested that Cr°*! estimates of cell survival 
be expressed as the apparent half time of Cr*! activity. This value varied in the 
dog from twenty-one to thirty days. The apparent half time is obtained by 
plotting the Cr°! data on semilogarithmic paper. This curve in normals does 
not represent a single exponential but is the product of a linear curve due to 
loss of cells from senescence and an exponential curve due to Cr*! elution. If 
cell loss from hemolysis or bleeding is present, these values are also included. 
As a consequence, the curve is not a straight line on semilogarithmic paper 
except when there is marked random loss, in which case the linear component 
representing death from senescence is negligible (Fig. 4). Consequently, the 
time for the Cr*! concentration to decrease from 100 per cent to 50 per cent 
is normally longer than the time in which the concentration decreases from 
50 per cent to 25 per cent. The ‘‘apparent half time,’’ then, is not an absolute 
figure in the usual sense of a physical or biologie half life. The term, how- 
ever, is a convenient means of expression of Cr*? data and appears particularly 
useful in studies where there is marked shortening of red cell survival. It 
should also be pointed out that this method of expressing the data does not 
alter the basic limitation in detection of minor degrees of hemolysis and does 
not include an estimate of the potential life span. 

In this technique, as well as in other existing methods, the data are usually 
calculated in terms of activity per milliliter of packed cells. The validity of 
such data is based on the assumption that the red cell mass remains constant. 
Where production rates are greater than the rate of destruction, there is < 
dilution of chromated cells and one overestimates the rate of destruction. 
Conversely, when the rate of destruction is in excess of the rate of production, 
one will underestimate the rate of cell death. In instances where it is apparent 
that the red cell mass is changing, it is preferable to consider the value of Cr*’ 
in terms of activity per unit of whole blood. This has the advantage that it 
is not dependent upon production rates but the disadvantage of wider varia- 
tions than the values for activity per unit of a constant red cell mass, since 
the plasma volume and body/venous hematocrit of dogs are subject to wide 
fluctuations.”° 
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Isoimmunization during these studies was a particular problem. Even 
though donors and recipients were compatible for the known canine agglu- 
tinins* and had been cross-matched prior to transfusion, 8 of 33 dogs appar- 
ently developed isoantibodies following transfusion. The development of 
hemolytie antibodies in these dogs was evident from a change in the rate of 
destruction of donor cells from seven to thirty days following transfusion un- 
accompanied by evidence of blood loss or hemolysis of the recipients’ cells. 
Of particular concern was the inability to demonstrate an antibody in vitro 
in 6 of these dogs, which meant that these antibodies if present prior to trans- 
fusion would not have been detected by cross-matching with the indirect globu- 
lin technique. 

In one dog where a constant random destruction amounting to 1.5 per cent 
per day was evident when measured by differential agglutination, the Cr*? 
curve had a shortened apparent half time of sixteen days. In addition, the 
chromium elution was not an exponential function but was initially greater 
than normal and progressively decreased over the period of study. As a con- 
sequence, the differential agglutination/Cr™ ratio plotted as a curved line on 
semilogarithmie paper. The changing rate of Cr! elution in this dog appar- 
ently was a result of damage to the red ecells.24 Other data to be published 
support this concept and suggest that the presence of a changing rate of 
elution is a sensitive index of red cell damage.*” 


SUMMARY 


The applicability of the Cr*! technique for study of experimental hemolysis 
in the dog has been described. It was determined that there was an elution 
or leakage of Cr*! from the surviving red cells, which varied in normal dogs 
from 1 to 2 per cent. Apparent chromium half times in normal animals 
varied between twenty-one and thirty days. These values were not influ- 
enced by concentrations of chromium metal between 0.15 and 10 we. Whereas 
the chromium method is at present semiquantitative and does not permit de- 
tection of minor degrees of hemolysis, it nevertheless appears to be an excellent 
method for most studies of hemolysis since it is technically simple and accurate 
and does permit autotransfusion, thereby avoiding the development of iso- 
antibodies and allowing observations on cells in their native environment. 

We gratefully acknowledge the technical assistance of Mrs. Helen Grimes, Mr. 
Donald Howard, HMC P. K. Shork, USN, and HMC C, P. A. Strome, USN. 
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RED CELL SURVIVAL IN THE DOG DETERMINED BY A METHOD 
OF DIFFERENTIAL AGGLUTINATION EMPLOYING CANINE ANTI-A 
SERUM 


FREDERICK STOHLMAN, JR., M.D. 
BETHESDA, Mp. 


HE characterization of specific canine hemagglutinins by Young and asso- 

ciates’? has permitted the investigation of immune hemolytic mechanisms 
in the dog. The estimation of red cell survival, however, has been limited 
by the difficulty in obtaining antisera satisfactory for quantitative determina- 
tions. Swisher and associates® have described a method of differential agglutina- 
tion with canine anti-D. Unfortunately, D is poorly antigenic and few D-nega- 
tive dogs will produce an antibody which is suitable for quantitative differential 
agelutination.* The relative frequencies! of B (6 per cent), C (99 per cent), 
and F (99 per cent) agglutinins limit their usefulness in survival studies. The 
A agglutinogen occurs in approximately 63 per cent of dogs and readily produces 
a potent agglutinin and frequently a hemolysin.’'? High inagglutinable blanks, 
however, have been obtained with most anti-A sera, regardless of titer.® 

The present report deseribes a method of potentiating the agglutination 
of A cells by anti-A sera and thus reducing the inagglutinable blanks to suitable 
levels for differential agglutination. 


MATERIAL AND METHODS 


Characteristics of the Canine A Agglutinogen and Isoantibody A: The canine isoanti- 
body A acts as a specific agglutinin and hemolysin, is thermostable, fixes complement, and 
sensitizes red cells for the antiglobulin reaction. Maximum agglutination is achieved only 
in the presence of fresh canine serum.2;4 It has been demonstrated that aggultination 
requires, in addition to anti-A, complement and a thermostable protein plentiful in bovine 
serum, which is similar to if not identical with conglutinin.4,5 During the investigation of 
this phenomenon it was observed that the agglutinates formed in the presence of inactivated 
bovine sera appeared to be more ‘‘cohesive’’ than those present in fresh canine serum alone. 
Consequently, the possibility of reducing inagglutinable blanks by the addition of bovine serum 
to an anti-A system was studied. 

Young and associates6 have demonstrated varying degrees of reactivity of type A dog 
erythrocytes with the anti-A antibody produced by immunizing A negative dogs with A cells. 
Cells of type A can be divided into subgroups A, and A, on the basis of the ability of potent 
anti-A antibodies to hemolyze only A, cells in vitro in the presence of complement. A, cells 
suspended in fresh dog plasma are also directly agglutinated by most anti-A sera, whereas A, 
cells may be either agglutinated or only sensitized for the indirect antiglobulin reaction by 
anti-A in the same system. One example of an antibody reacting only with A, cells has been 
found in a dog of type A, immunized with A, cells.6 Aside from these clear-cut subgroups, 
there appears to be a wide variation in the agglutination of individual A cells (either A, or A,) 
by a given A serum. This has been shown to be independent of the serum enhancing (con- 
glutinin) mechanisms, 
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Production and Preparation of Serum: Anti-A serum was produced by multiple small 
transfusions (5 ¢.c.) of A+ blood into A-negative recipients. A dog which developed a 
high agglutinin (1:512) and low hemolysin titer was bled 250 ¢.c.; the serum was seperated, 
inactivated, and stored in multiple small aliquots at -20° C. This serum was used throughout 
the study. Bovine serum was inactivated at 56° C. for thirty minutes and absorbed three times 
with equal volumes of washed, packed, pooled canine erythrocytes at room temperature. The 
sera stored in small aliquots remained potent over a 9-month period. Fresh canine serum was 
obtained on the day of use. 

Method of Differential Agglutination: To insure optimal activity of complement in 
the anti-A system, veronal-bicarbonate buffered saline with added Mg++ and Ca++ at pH 7.4 
was used as a diluent. Twenty cubic millimeters? of blood was withdrawn with a hemoglobin 
pipette from the hub of a needle inserted in the antecubital vein. The pipette was discharged 
into 2 ¢.c. of buffered saline. At this dilution, coagulation did not present a problem. The 
total red cell count was obtained by diluting 0.18 ¢.c. aliquots of the 1:100 red cell suspension 
with an equal volume of buffered saline, agitating the mixture, filling each of six chambers 
with a large bore capillary, and counting in routine fashion. Approximately 3,500 cells were 
enumerated. To determine the inagglutinable count, 0.18 ¢.c. of the red cell suspension was 
incubated at 37° C. for thirty minutes with an equal volume of the “antiserum mixture.” The 
latter consisted of one volume fresh canine serum; one volume inactivated, absorbed bovine 
serum; and two volumes of anti-A serum. Following incubation, the suspension was spun for 
one minute at 1,500 r.p.m.; the tube was flicked 30 times, the agglutinates were allowed to 
settle for fifteen seconds, and the chambers filled, using a large bore capillary. During 
the early posttransfusion period of a survival study, nonagglutinated cells in 10 squares on 
each side of 8 chambers were counted; as the number of inagglutinable cells decreased, the 
number of squares counted was increased until finally 25 small squares were counted. Ap- 
proximately 2,500 cells were counted, except at the end of the study. For inagglutinable 
blanks, the entire area of the chamber was counted. 

The same hemoglobin pipette and 2 ¢.c. volumetric pipettes were used for a given dog 
throughout the period of study. In making dilutions, 0.18 ¢.c. was delivered from a 0.2 @.¢. 
pipette. The pipette was then rinsed several times with buffered saline, and, using 
the same pipette, 0.18 ¢.c. of antisera or buffered saline was added. It has been the 
experience of others as well as ourselves that canine red cells are particularly sensitive to 
hemolysis by detergents and cleansing solutions. Consequently, these substances were avoided 
and only water-washed glassware was used. With these precautions nonspecific hemolysis was 
avoided. 

The inagglutinable count was expressed as inagglutinable cells per 5 small squares, and 
the blank subtracted from this. This value was divided by the total red count per 5 squares 
to obtain the percentage of the total count which was inagglutinable. Due to the variability 
of the plasma volume in the dog,? it was felt that this value was more meaningful than the 
number of inagglutinable cells per cubic millimeter of whole blood. 

For the study of posttransfusion survival of serologically identifiable cells, A recipients 
weighing approximately 15 kilo were used throughout. Donor and recipients, compatible for 
B, C, D, E, and F hemagglutinins,* were cross-matched with the indirect Coombs technique. 
Bleeding and transfusion were carried out under Pentothal anesthesia. Immediately prior to 
transfusion, a volume of blood equal to that to be transfused was withdrawn from the femoral 
or peripheral vein of the recipient. Blood was collected from the A-negative donor into ACD 
solution (N.I.H. solution B) from the femoral artery. The transfusions were given by 
intravenous drip over a period of ten to fifteen minutes. 


RESULTS 
In all instances where fresh canine serum and anti-A serum were used, the 


inagglutinable blank counts on A+ dogs were greater than 50,000 and fre- 
quently in excess of 100,000 to 200,000. The addition of bovine serum reduced 


*The author is indebted to Dr. L. E. Young of the University of Rochester for these 
antisera. 
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the blanks to 30,000 or less in approximately 30 per cent of the dogs tested. 
Incubation at 37° C. appeared to yield results slightly superior to those obtained 
at room tempature. This presumably is due to the greater activity of com- 
plement at this temperature. In some A+ dogs, weak agglutination, ++ to 
+++ or less, is seen with undiluted serum, and in some the presence of the A 
agglutinin can only be demonstrated with the indirect globulin technique. In 
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Fig. 1.—Survival of normal canine cells following transfusion into a normal compatible 
recipient. 
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Fig. 2.—Survival of normal canine cells following transfusion into a normal compatible 
recipient. 


such instances, it is apparent from the initial typing of the dogs that they are 
not satisfactory for survival studies. Dogs with inagglutinable blank counts 
of 30,000 or less were considered satisfactory for use as recipients in the study 
of quantitative differential agglutination. 
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Artificial mixtures of A-positive and A-negative cells were prepared in 
dilutions which would be encountered during a survival study. Results of such 
experiments are given in Table I. The agreement between the expected and 
observed values for inagglutinable counts appeared acceptable when one con- 
siders the errors of preparation of such mixtures together with the inherent 
error of the red cell count. 


The loss of serologically identifiable normal cells following transfusion into 
a normal recipient appeared linear throughout most of the curve (Figs. 1 and 
2). In all dogs, there was a tail at the end of the curve (Figs. 1 and 2), which 
presumably results from the distribution of red cell life spans about a mean. 
The estimated life span of normal red cells in 4 dogs varied from 90 to 100 
days when determined by this method. 


TABLE I. DETERMINATION OF INAGGLUTINABLE CELLS IN AN ARTIFICIAL IN TWO IN VITRO 
MIXTURE IS oF A+ AND A- CELLS 








Total A+ cells** 720) + 12.74* 

Total A- cells 547 + 9.08" 

Estimated per cent A-negative cells in 12.2 Oot 4.8 + 0.2t 
mixture 

Expected inagglutinable count (A-negative 49.8 + 0.8* 34.2 + 0.6% 
cells) 

Observed inagglutinable count-blank inag- 50.7 + 4.3% 30.5 + 2.2* 
glutinable count 

Observed per cent A-negative cells in mixture 7.2 + 0.6t 4.3 + 0.3t 





*Standard error. 
**Per 5 squares, 
$95% confidence limits. 


DISCUSSION 


A method of differential agglutination with canine anti-A, potentiated by 
bovine serum and complement, has been described. It was not established 
whether the reduction of inagglutinable counts obtained with bovine serum is 
due to conglutinin or another heat stable component of bovine serum. Blank 
inagglutinable counts were reasonably constant over a 6-month period. Satis- 
factory recovery of inagglutinable cells was obtained with in vitro mixtures of 
A-negative and A-positive cells. 

The posttransfusion survival of normal fresh canine erythrocytes in normal 
animals approached linearity and gave estimates of life span of 90 to 100 days. 
Data collected in other dogs in this laboratory using Cr*'*® indicate that the 
life span of the normal canine erythrocyte may vary from 90 to 130 days. 
Swisher and associates® reported values of 80 to 114 days following the trans- 
fusion of fresh or stored canine blood when estimated by a differential agglu- 
tination technique employing canine anti-D. With other techniques,?® 2» 1% 1% 14 
including radioiron, C1*, and N*°, values for red cell life span in the dog of 90 
to 135 days have been recorded. 

Isoimmunization has also presented a problem in the study of experimental 
hemolysis. The antigenic structure of the canine red cell is not as well under- 
stood as the human; consequently, the likelihood of development of antibodies 
is great even though the dogs have been typed for the known canine hemag- 
glutinins. Although hemolytic reactions were not observed following trans- 
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fusions for differential agglutination, other studies in this laboratory have been 
complicated by the development of hemolytic isoantibodies following transfusion 
of apparently compatible normal red eells.© Of particular concern was the 
inability in some instances to demonstrate the antibodies in vitro in the presence 
of unquestionable in vivo evidence of isoimmunization. 


SUMMARY 


A technique has been described for the quantitative differential agglutina- 
tion of canine erythrocytes employing anti-A sera which was potentiated by a 
heat stable fraction of bovine sera. Recovery of A-negative cells from artificial 
mixtures was satisfactory. Posttransfusion survival of canine erythrocytes 
indicated a life span of 90 to 100 days. 


I gratefully acknowledge the technical assistance of Mrs. Helen Grimes. 
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SUPPLEMENTAL FOLIC ACID THERAPY IN PERNICIOUS ANEMIA: 
THE EFFECT ON ERYTHROPOIESIS AND SERUM VITAMIN B,, 
CONCENTRATIONS IN SELECTED CASES 
ARNOLD A. LEAR, M.D.,* AND WILLIAM B. Caste, M.D.** 

Boston, Mass. 


HE concurrent use of folie acid and of vitamin B,, or purified liver extract 

has been suggested for complete maintenance therapy in certain patients 
with pernicious anemia on the basis that presumably minimal amounts of both 
vitamin B,, and folic acid are required for normal hematopoiesis.’* It has 
been repeatedly demonstrated that folic acid alone not only is inadequate 
treatment for pernicious anemia but also may be responsible for accelerated 
development of neurological disturbanees.* *° In contrast, folic acid has no 
detectable harmful hematological or neurological effects in normal subjects,” * 
and when given together with parenteral vitamin B,, or liver extract usually 
produees no ill effects in patients with pernicious anemia.® '? The study here 
reported was undertaken in order to assess the need for supplemental folic 
acid in the maintenance therapy of certain patients with pernicious anemia 
selected on the basis that they had not achieved normal blood values following 
prolonged therapy with amounts of vitamin B,, seemingly adequate for this 
purpose in the majority of other patients under observation. 


MATERIALS AND METHODS 


Thirty-five patients were studied who had been diagnosed as having pernicious anemia 
on the basis of achlorhydria, macrocytic anemia with abnormal bone marrow, and charac- 
teristic hematological response to purified liver extract or vitamin B,,. All had been 
maintained in remission for two years or more with monthly injections either of 15 ug 
of crystalline vitamin B,, or of purified liver extract (Liver Injection U.S.P.) containing 
15 wg of vitamin B,,. The individuals in this group, representing about one-fifth of the 
cases of pernicious anemia receiving maintenance therapy in an outpatient clinie at the 
Boston City Hospital, were chosen because they had had hemoglobin levels of less than 
12.5 Gm. per cent for one year or more. In the past, some of these patients had been given 
larger doses of vitamin B,, or of purified liver extract without noticeable benefit. 


During the period of this study all the patients were given larger doses of their 
customary maintenance therapy. Twenty-four of the thirty-five patients selected were 
thereafter treated every two weeks for up to one year with intramuscular injections of 
30 wg of crystalline vitamin B,.,t and eleven were so treated with Liver Injection U.S.P.,t 
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containing, according to the manufacturer, 20 wg of vitamin B,. After each patient had 
received the increased dosage of vitamin B,, as such, or as liver extract, for six months 
(Period 1), each was given, in addition, 5 mg. of folic acid orally daily throughout a 
second six-month period (Period 2). 

Red cell, hemoglobin, and serum vitamin B,, levels were determined from samples 
of venous blood. Red cell counts were performed using standardized pipettes and count- 
ing two chambers filled from two separate pipettes. Hemoglobin determinations were made 
using a photoelectric colorimeter according to the method of Evelyn.11 Red cell indices 
were caleculated.12 Serum vitamin B,, concentrations were estimated by a microbiologic 
technique using Huglena gracilis according to a modification!3 of the method of Ross. Strict 
precautionary measures were observed in order to preclude accidental contamination of 
samples with vitamin B,. Control red blood cell levels and indices, and serum vitamin 
By. concentrations were determined at the start of the study. Red cell levels and indices 
were repeated every two months throughout the study. Assays of serum vitamin B,, from 
blood samples drawn two weeks after the last previous injection of vitamin B,, or of liver 
extract were repeated at six and at twelve months. A change in hemoglobin concentration 
of more than 10 per cent or in serum vitamin B,. concentration of more than 20 per cent 
was considered to be individually significant. Complete data were obtained on twenty- 
seven patients of the original group of thirty-five. 

RESULTS 

Effect on Hemoglobin Levels—The patients described varying degrees of 
subjective improvement after beginning to receive the increased dosage of 
vitamin B,, as such, or as liver extract. None experienced symptomatic re- 
lapse while taking the additional folic acid. One patient who had glossitis that 
did not improve after increased vitamin B,. therapy described marked re- 
gression of lingual symptoms while taking folic acid. The laboratory data 
obtained are summarized in Table I. Of the twenty-two patients receiving 
crystalline vitamin B,., only five manifested a significant and sustained increase 
in hemoglobin six months after starting on the larger doses of vitamin By». 
Of the eleven patients who received purified liver extract, none showed 
significant hemoglobin increments. In no instance did a significant fall of 
hemoglobin concentration occur during Period 1. Supplemental folie acid 
therapy during Period 2 caused no significant change, either up or down, in 
the hemoglobin levels of any patient. One female patient, who proved to have 
an associated iron deficiency, received folic acid for four months without show- 
ing any change. However, after receiving ferrous sulfate, a significant rise in 
her hemoglobin level oceurred., 

Effect on Serum Vitamin B,, Levels.—The serum vitamin B,, levels of the 
patients on whom this determination was made at the outset, after six, and 
after twelve months are shown in Table I and Fig. 1. The initial total serum 
vitamin B,,. concentration was less than 100 pug per milliliter in twenty of the 
thirty-five patients. At the end of Period 1, after each patient had received 30 
ug of erystalline vitamin B,,. or 20 ug of vitamin B,,. as Liver Injection U.S.P. 
every two weeks for six months, only two of thirty-one patients who were success- 
fully followed had serum vitamin B,, levels of less than 100 pug per milliliter. 
At the end of Period 2, after one year of increased vitamin B,, therapy and after 
six months of additional folic acid therapy, none of twenty-nine patients on 
whom data were obtained had a serum vitamin B,; level below 100 pug per milli- 
liter, 
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There is, however, no indication that these increments in serum vitamin 
Biz levels were accompanied by increases in hemoglobin or by decreases in 
mean corpuscular volume (Fig. 2) in the cases studied. As in patients who 
showed no rise in hemoglobin level, in the five patients in whom a rise occurred 


TABLE I. HEMATOLOGICAL AND MICROBIOLOGIC DATA ON THIRTY-FIVE PATIENTS WITH PERNI- 
clouUS ANEMIA WHO RECEIVED INTRAMUSCULAR VITAMIN B,. AND SUPPLEMENTAL 
ORAL Fouic AcID THERAPY 





























PERIOD 1: AFTER SIX 
MONTHS OF INCREASED PERIOD 2: AFTER SIX 
PARENTERAL VITAMIN MONTHS OF SUPPLEMENTAL 
INITIAL LEVELS By THERAPY ORAL FOLIC ACID THERAPY 
HEMO- (5 MG. PER DAY) 
GLOBIN TOTAL SERUM | HEMOGLOBIN | TOTAL SERUM | HEMOGLOBIN | TOTAL SERUM 
(GM./100 VITAMIN By: (GM./100 VITAMIN B,. (GM./100 =| VITAMIN By 
PATIENT ML. ) (puG/ML. ) ML. ) | (uG/ML. ) ML. ) (weG/ML. ) 
Vitamin B,,, 30 wg Every Two Weeks 
1 8.6 1,050 8.8 1,150 9.3 545 
2 10.4 106 11.4 305 11.6 330 
4 11.0 277 11.5 772 11.8 321 
5* 9.2 48 15.3 261 14.3 310 
ig 11.4 107 13.1 600 13.3 210 
8 11.6 181 12.5 1,360 12.9 482 
9 11.5 37 12.5 348 12.9 232 
10 12.1 43 13.2 168 — a 
11 17-3 60 — — Re 265 
12 11.8 42] 12.8 377 12.8 168 
13 9.6 52 9.2 143 11.3 144 
17 12.0 424 cb ys 393 11.8 330 
18 12.4 52 12.4 221 12.2 185 
19 12.4 207 13.5 900 12.8 295 
21 12.7 10 13.0 311 12.8 218 
23 11.4 15 11.9 442 11.3 116 
24* 13.5 28 14.9 108 15.2 320 
25 12.4 810 12.4 570 13.3 240 
26* 12.3 4 14.4 325 14.5 253 
27 11.0 776 11.2 1,840 oa — 
30* 12.4 84 15.3 267 14.6 300 
33 11.2 268 11.8 320 11.8 445 
34 11.6 53 — — — 
35 ay 68 12.2 405 12.7 275 
Liver Injection U.S.P. (of Vit. B,., 20 wg) 
Every Two Weeks 
3 11.8 151 12.8 646 12.6 175 
6 11.8, 60 12.2 135 12.8 202 
14 12.0° 186 13.1 360 13.6 238 
15 12.4 19 12.8 97 12.5 120 
16 11.4 142 11.8 271 12.0 214 
20 12.4 98 13.1 — 12.5 208 
22 12.6 31 13.5 126 14.2 ist 
28 12.3 575 12.4 960 13.1 745 
29 12.1 46 12.5 — — — 
31 117 76 12.5 194 12.5 — 
32 11.0 35 11.8 78 — —_— 





*Considered to show a significant increase in hemoglobin level. 


the serum vitamin B,, level returned to a normal range from an initial level 
of less than 100 pug per milliliter. Of sixteen patients with initially low 
levels who were still under observation at the end of Period 1, fourteen had 
vitamin B,. levels within the normal range after six months of increased 
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vitamin B,. therapy. Concerning the remaining two patients, each of whom 
received a total of 40 ug of vitamin B,. per month as liver extract, one had a 
normal vitamin B,. level at the end of Period 2 and the other did not return 
to the clinic after the end of Period 1. The actual range of serum vitamin Bi, 
concentrations varied greatly at the end of each period. Initial control levels 
ranged from 10 to 1,050 pug per milliliter with a mean of 198 pug per milliliter 
for the entire group. The twenty-four patients who had received crystalline 
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_ Fig. 3.—Individual serial responses of the serum vitamin By level in twenty-seven 
patients with pernicious anemia in relation to period of observation. Note the number of 
control vitamin Biz values below 100 ywyug per milliliter. 


vitamin B,. averaged 225 pug per milliliter, and the eleven patients who, 
before these observations, had been receiving purified liver extract averaged 
137 pug. At the end of Period 1, the range for the thirty-one patients on whom 
data were obtained was 78 to 1,840 pug per milliliter with a mean of 455. The 
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subgroup who received erystalline vitamin B,. had an average of 527 uug per 
milliliter, and the patients who received purified liver extract had an average 
of 319. Of the thirty-one patients followed six months, twenty-six had in- 
creases in serum vitamin B,. concentration greater than 20 per cent and one 
had an increase of between 10 and 20 per cent; two showed no significant 
change; and two had levels between 10 and 20 per cent below their initial 
concentration. 

Vitamin B,, estimations were made on twenty-nine of the original thirty- 
five patients at the end of Period 2, following six months of folie acid therapy 
given in addition to the larger vitamin B,, dosage. Vitamin B,,. levels were 
not obtained before folic acid was started in two of these twenty-nine patients; 
hence in only twenty-seven patients were vitamin B,. levels obtained seriatim. 
The serum vitamin B,. concentration at the end of Period 2 was normal in the 
two not studied on all three occasions. The average level for the entire group 
at the end of Period 2 was 276 ppg per milliliter, and the range was 116 to 
745. For the twenty-one patients receiving crystalline vitamin B,,. the average 
was 285 pug per milliliter, and for the eight remaining patients on purified 
liver extract, 254. At the end of Period 2 three patients showed an increase 
in serum vitamin B,. concentration greater than 20 per cent, three an increase 
of 10 to 20 per cent, and three no change. The most consistent change after 
administration of supplemental folie acid was the fall in vitamin B,,. concentra- 
tion. This occurred in eighteen of the twenty-seven patients on whom serial 
vitamin B,, levels were obtained at control times and at the end of both 
Periods 1 and 2. In two the vitamin B,. level fell 15 to 20 per cent, and in 
sixteen it fell more than 20 per cent. In this group, fourteen of the twenty 
patients receiving crystalline vitamin B,, and four of the seven patients 
treated with liver extract showed such a drop. In Fig. 3 are shown the 
vitamin B,, concentrations in twenty-seven individual patients initially and 
at the end of Periods 1 and 2. 


DISCUSSION 


The purpose of this study was to evaluate the hematopoietic effectiveness 
of folie acid as a supplement to vitamin B,, therapy in a group of patients 
with pernicious anemia, who were selected because they had hemoglobin 
levels in the low normal or mildly anemic range as compared with those of 
other patients on similar therapy. It was thought that a further rise in hemo- 
globin subsequent to the addition of folie acid to an optimal dosage schedule 
of vitamin B,. would indicate that folie acid deficiency existed. Chodos,® 
Ross,? and Meacham" have reported their experiences with vitamin B,. and 
folie acid in the therapy of pernicious anemia. Spray’ has reported abnormal 
folie acid utilization in pernicious anemia in relapse. Girdwood'® has sug- 
gested that vitamin B,, deficiency may lead to actual or to apparent folie acid 
depletion and has reported one patient who had deficiency both of folie acid 
and of vitamin B,.. Spies* has indicated the possible coexistence of folie acid 
and vitamin B,. deficiency, and Ungley*’ has described two such patients. 
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Ritz’® has suggested that suboptimal oral doses of folic acid and vitamin 
B,. have a synergistic action in inducing a response in patients with pernicious 
anemia in relapse. Reisner?® has indicated that such therapy in relapse results 
in enhancement of the hematopoietic effect. It has been well established that 
folie acid, although not complete therapy for pernicious anemia, does regularly 
initiate and maintain for varying periods a hematopoietic response. Thus, 
under various circumstances response to folie acid, although not necessarily 
indicating a predominant deficiency of folic acid, has been observed in pernicious 
anemia. 

That therapy with folie acid alone can be detrimental, resulting in neuro- 
logical changes with or without hematopoietic relapse, is similarly well estab- 
lished." However, so long as vitamin B,. is given together with folie acid, 
no harmful effects ordinarily ensue.* 1° The clinical course of the patients 
here reported confirms this observation in that none of these patients who 
received folic acid and vitamin B,. manifested any undesirable neurological 
or hematological change. In fact, the glossitis of one patient improved while 
she was receiving supplemental folic acid although the hemoglobin level 
showed no change. 


Effect on Hemoglobin Levels—Prior to the present study patients attend- 
ing this clinie had been receiving approximately 15 pg of vitamin B,. (either 
as the crystalline vitamin or as purified liver extract) every four weeks for 
periods up to six years without manifest neurological or hematological re- 
lapse. At the end of Period 1, six months after the institution of the increased 
doses of vitamin B,, (20 or 30 ug every two weeks), five of thirty-three patients 
showed an increase in hemoglobin concentration greater than 10 per cent. 
This indicates that although maintenance with injections of 15 ng of vitamin 
Bi. every four weeks was adequate for normal hemoglobin synthesis in most 
of these patients (and presumably in the approximately 125 other patients 
attending this clinic), it was not so for all. It has been suggested‘ that main- 
tenance with 30 yg of vitamin B,. per month is probably optimal therapy. 
Observations of the serum vitamin B,. and hemoglobin levels of these clinic 
patients indicate that 15 yg of vitamin B,, every four weeks is suboptimal. 

None of the patients here reported had further increment in hemoglobin 
concentration at the end of Period 2, six months after the institution of 
supplemental folic acid therapy, thus indicating that concomitant folie acid 
lack was not a limiting factor in hemoglobin synthesis in these particular 
patients. Nor was there any decline in hemoglobin concentration to suggest 
that folic acid might interfere with normal hematopoiesis in pernicious anemia 
treated with vitamin B,.. 


Effect on Serum Vitamin B,,. Levels—The microbiologic determination of 
serum vitamin B,,. has proved to be a useful aid in the diagnosis of the vitamin 
B,. deficient state.** °° Patients with pernicious anemia previously untreated 
or in relapse have serum vitamin B,, levels of less than 100 pug per milliliter, 
whereas normal subjects and patients with miscellaneous diseases have serum 
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concentrations above this value. Twenty patients with pernicious anemia 
who had been receiving injections of 30 ng of vitamin B,. every four weeks 
were selected at random from the clinic; all but two patients at the end of 
Period 1 and all patients at the end of Period 2 had serum vitamin By,» levels 
greater than those of patients with untreated pernicious anemia. Serum 
vitamin B,. levels of less than 100 pug per milliliter initially detected in 
twenty of the thirty-five patients so tested indicate that treatment with 15 pg 
of vitamin B,. each month is probably suboptimal maintenance therapy in the 
sense that it is inadequate to replenish body stores. Hence, on this basis we 
may conclude that the intramuscular injection of 15 ug of vitamin Bi. every 
four weeks is inadequate therapy in terms of tissue saturation. Serum vitamin 
B,. levels of patients receiving injections of 30 pg of vitamin B,. every four 
weeks and of those receiving 20 or 30 ng every two weeks for eight to twelve 
months were above the relapse range. Meacham™ suggested that 30 ng of 
vitamin B,. every four weeks is adequate and, possibly, optimal maintenance 
therapy. The serum vitamin B,, levels, as indicated previously, are in agree- 
ment with the suggestion that 30 wg of vitamin B,, monthly is an adequate 
dosage schedule for most patients. 


Neurological relapse in exclusively folic acid-treated pernicious anemia 
patients occurs in approximately 50 per cent of cases within two years.? The 
rapidity with which relapse develops may correlate with the amount of folic 
acid given. Clinical observation of patients receiving oral liver preparations 
in the early days of pernicious anemia therapy suggests that the incidence of 
neurological relapse was not so frequent as in folic acid-treated patients. Of 
thirty patients in this clinic who received no antipernicious anemia therapy,’ 
none developed neurological relapse in a period of two years, although about 
half experienced hematological relapse. This suggests that folic acid may have 
a neuropathic effect, either directly or by altering vitamin B,, utilization. The 
present finding that during Period 2 the daily addition of 5 mg. of folie acid 
orally to the maintenance therapy with intramuscular vitamin B,, was followed 
in eighteen of twenty-seven patients by a significant drop in serum vitamin By,» 
concentration offers some support to the latter concept. Similarly, studies of 
the acute effect of large doses of folic acid in monkeys receiving a diet deficient 
in vitamin B,. and folie acid also present suggestive, although not conclusive, 
evidence that folic acid may cause a fall in serum vitamin B,, concentration.” 
Whether this represents a general effect of vitamin imbalance, such as may 
occur when single members of the vitamin B complex group are administered 
in the presence of mixed deficiency,”* or is a specific result of some antagonistic 
interaction of folic acid and vitamin B,.”4 cannot be stated. Nonetheless, it 
does suggest the theoretical possibility that over a protracted period the 
combined use of suboptimal amounts of vitamin B,, and large amounts of 
‘olie acid might result occasionally in the development of neural dysfunction. 
Chodos® deseribed one patient with subacute combined degeneration who im- 
proved only after folic acid was omitted from combined folic acid and vitamin 
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B,. therapy, and two patients with pernicious anemia and other organic disease 
who manifested progression of neurological disturbance while receiving both 
vitamin B,. and folie acid. 


SUMMARY 


1. Administration of 30 yg of vitamin B,,. intramuscularly every two 
weeks increased the hemoglobin levels of only five of a group of twenty-two 
patients previously receiving 15 yg of erystalline vitamin B,. every four 
weeks. None of eleven patients who received 20 ng of vitamin B,, in the form 
of Liver Injection U.S.P. every two weeks was so benefited. 

2. Supplemental folic acid did not alter hemoglobin levels; therefore folic 
acid deficiency as a limiting factor in hematopoiesis was shown not to exist 
in twenty-nine patients given adequate therapy with vitamin By». 

3. The serum vitamin B,, level in twenty of thirty-five patients receiving 
15 wg of vitamin B,. once every four weeks was less than 100 pug per milli- 
liter, which is characteristic of patients with pernicious anemia in relapse. 
It is greater than 100 pug per milliliter in most patients receiving 30 pg of 
vitamin B,,. once every four weeks. Inasmuch as the serum vitamin B,,. con- 
centration probably reflects tissue saturation, treatment with the larger dose 
of vitamin B,. appears to be more nearly adequate. 

4. Administration of folic acid adversely affected the serum vitamin B,, 
level of eighteen of twenty-seven patients receiving 20 or 30 pg of vitamin 
B,. intramuscularly every two weeks, possibly by accelerating the utilization 
of vitamin B,.. Therefore, supplementation of inadequate intramuscular 
vitamin B,. therapy with folic acid, in addition to being unnecessary for 
nearly all patients, may actually be inadvisable unless larger doses of vitamin 
Bi. are given. : 

We wish to express our appreciation to the Misses Mary Lou Hanson, Carol Sue 


Smith, and Eleanor M. Fleming for technical assistance, and to Mrs. Ann Marker, R.N., 
for her untiring efforts in managing the Out-Patient Clinic. 
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ERYTHROCYTE CHOLINESTERASE ACTIVITY IN NORMAL PREG- 
NANCY AND IN MEGALOBLASTIC AND OTHER ANEMIAS 
OF PREGNANCY AND THE PUERPERIUM 


Jack A. PrircHarp, M.D.,* AND RussELL WEISMAN, JR., M.D. 
CLEVELAND, OHIO 


T HAS been demonstrated repeatedly that erythrocyte cholinesterase activity 
(RBC ChE) in the presence of anemia may be quite different from normal.** 
During relapse in Addisonian pernicious anemia, it is usually low, but, follow- 
ing a hematopoietic response, RBC ChE becomes abnormally high and then 
returns to normal several weeks later. Experimental hemorrhage in animals 
is followed by an appreciable increase in RBC ChE. Erythrocytes obtained 
from such animals during recovery and from patients with pernicious anemia 
during response to therapy have been separated into reticulocyte-rich and 
reticulocyte-poor fractions by differential centrifugation, and the RBC ChE 
of each fraction measured. Much greater enzyme activity was present in the 
reticulocyte-rich fraction in each instance, indicating that young red cells have 
greater cholinesterase activity than do older erythrocytes.® ° 
These findings have resulted in the suggestion by Sabine’® that the measure- 
ment of RBC ChE might be used as a test of bone marrow function in in- 
dividuals with severe anemias. Scudamore and associates,‘ however, have 
pointed out that the paucity of data in cases of hemolytic anemia is a main 
weakness in this hypothesis. 
The present investigation was carried out to study the effect of the in- 





creased erythrocyte production of normal pregnaney on RBC ChE, to compare ] 
RBC ChE in so-called pernicious anemia of pregnaney and the puerperium I 
with red-cell enzyme activity in Addisonian pernicious anemia, and to study I 


RBC ChE in various hemolytic states. 


METHODS 


Erythrocyte cholinesterase activity was determined by the method of Michel.6 With v 
the use of this technique, a measurement is made of the decrease in the pH of a balanced 
buffer solution due to the hydrolysis of acetylcholine by the RBC ChE in a measured 
volume of erythrocytes. The enzyme activity is expressed as the fall in pH per hour (A pH b 
per hour). In the cases of megaloblastic anemia of pregnancy and the puerperium, plasma 


: ice : : P 
cholinesterase activity was determined also by the method of Michel. The red cells and 1 
plasma were collected as recommended, and, after mixing with an equal volume of normal saline i 
solution, they were either studied immediately or were promptly frozen and stored until s 
just before assay. 7 
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RESULTS 


Normal Pregnancy and the Puerperium.—The RBC ChE was determined in 
18 normal nonpregnant women, in 81 normal women in various stages of 
gestation, in 16 normal women at the time of delivery and in the fetus (cord 
blood) from each of these deliveries, and in 17 normal women six weeks 
following delivery. 


There was a slight but persistent increase in RBC ChE as pregnancy ad- 
vaneed. In the third trimester the mean RBC ChE for 36 women was 0.81 pH 
unit per hour compared with an average activity of 0.74 pH unit per hour 
in 18 normal nonpregnant women. This difference is highly significant (P > 
0.01). The mean activity for 16 normal patients at the time of delivery was 
also 0.81 pH unit per hour, but in cord blood obtained at delivery it was only 
0.50 pH unit per hour. The mean RBC ChE and standard deviation for each 
group are shown in Table I. 


TABLE I. RBC CHE ActTiviry IN NoRMAL NONPREGNANT WOMEN, IN NORMAL WOMEN IN 
VARIOUS STAGES OF GESTATION AND Stx WEEKS Post PARTUM, AND IN NORMAL TERM FETUSES 








MEAN RBC ChE IN 





NUMBER pH UNITS PER HOUR 
Nonpregnant 18 0.74 S.D. + 0.07 
First trimester 14 0.76 S.D. + 0.07 
Second trimester 31 O79 S2D. + 0:07 
Third trimester 36 0.81 S.D. + 0.09 
Delivery 16 0.81 S.D. + 0.10 
Fetus 16 0.50 S.D. + 0.04 
Post partum 17 0.78 S.D. + 0.10 





Megaloblastic Anemia of Pregnancy and the Puerperium—RBC and 
plasma ChE were measured before, during, and after treatment in 3 cases of 
megaloblastic anemia of pregnancy and the puerperium. Each ease is sum- 
marized following. 


CASE 1.—G. M., a 24-year-old Negro woman, was first seen on June 17, 1953, when she 
Was seventeen weeks’ pregnant. At this time the hematocrit was 25, there was no history 
of blood loss, and the erythrocytes did not sickle in a solution of sodium metabisulfite. Therapy 
with oral iron was started. 


During the next three months there was persistent anorexia. Since early in the pregnancy, 
meat and leafy vegetables were eaten only rarely; the diet consisted almost entirely of potatoes, 
bread, orange juice, grape juice, green beans, and “Kool Ade.” By September 15 the 
patient had noted marked weakness, shortness of breath on exertion, frequent loose bowel 
movements, and considerable weight loss. At this time she was admitted to the hospital where 
laboratory studies revealed the following: hemoglobin 4.80 Gm., red blood cell count 1.98 
million, hematocrit 16, white blood count 6.5 thousand, reticulocytes 1.2 per cent, platelets 
75,000, total serum proteins 6.2 Gm., serum bilirubin 0.2 mg. direct and 1.1 mg. total, free 
acid in the gastric juice after histamine, and no blood in the feces. The erythrocytes appeared 
hypochromiec and showed considerable variation both in size and shape; the platelets were 
reduced in number. The bone marrow contained numerous megaloblasts. 

Five hundred milliliters of whole blood was given, followed during the next six days by 
1,200 mg. of saccharated iron oxide injected intravenously. Vitamin B,, 1 wg and ascorbic 
acid 50 mg. intramuscularly daily were started four days after the last injection of iron. This 
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therapy was continued for six days; at the end of this time the bone marrow was still megalo- 
blastic and there was no evidence of hematological or symptomatic improvement. During this 
period the RBC ChE ranged from 0.57 to 0.61 pH unit per hour, the reticulocyte level re- 
mained at about 1 per cent, and the hematocrit was 18 to 19. 

On October 1, sixteen days after admission, therapy with Leucovorin, 3 mg. intra- 
muscularly each day, was started. Two days later the reticulocyte count was 4.2 per cent, and 
four days after the first injection of Leucovorin it reached 19.9 per cent. Two days following 
the onset of the reticulocytosis, the RBC ChE started to rise and continued to increase to 
reach 1.1 pH units per hour on November 6. By this time the hematocrit had risen to 38. The 
RBC ChE then slowly fell during the next six weeks to 0.78 pH unit per hour. 
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Fig. 1.—Case 1, G. M., megaloblastic anemia during pregnancy. 


During the first month after admission, the plasma ChE remained at a level of 0.47 to 
0.50 pH unit per hour. Two weeks after the start of therapy with Leucovorin, it rose to 
0.60 pH unit per hour where it remained until delivery on November 13. Following de- 
livery the plasma activity progressively rose to reach 0.84 pH unit per hour on December 
26. Eleven months later it wes 0.85 pH unit per hour. At this time the patient was 
asymptomatic and hematologically normal. The results are summarized in Fig. 1. 


Case 2.—TI. G., an 18-year-old Negro woman known to have sickle-cell anemia, was ad- 
mitted to the hospital on February 27, 1953, with diagnoses of severe anemia due to sickle-cell 
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Fig. 2A.—Case 2, I. G., megaloblastic anemia during pregnancy associated with sickle-cell 
anemia. 
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Fig. 2B.—Case 2, I. G. Plotted are the percentage of sickle cells and reticulocytes and the 
rise in RBC ChE following therapy with Leucovorin. 
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anemia, acute pyelonephritis, and pregnancy of about thirty weeks’ duration. During the 
next two and one-half months there were repeated episodes of pyelonephritis and super- 
ficial thrombophlebitis. Penicillin, chlortetracycline, streptomycin, and Gantrisin were 
administered in various combinations. Marked anorexia persisted throughout this period. 
The hematocrit continued to fall, reaching as low as 12 in spite of transfusions with a total 
of 15 pints of whole blood which were given in an attempt to keep the hematocrit above 
15. On May 11, only 5.6 per cent of the red cells of the peripheral blood sickled in sodium 
metabisulfite solution. The following day the bone marrow was found to contain numerous 
megaloblasts. At this time the hematocrit was 13, red cell count 1.6 million, hemoglobin 4.3 
Gm., reticulocytes 0.1 per cent, white blood cell count 5.1 thousand, and platelet count 76,000. 
Therapy with Leucovorin, 3 mg. a day intramuscularly, was started. That evening the patient 
spontaneously went into labor and delivered a sluggish term-sized infant. Because of the low 
hematocrit and moderately excessive blood loss during the immediate puerperium, 2 more units 
of blood was given. 


Three days after the start of Leucovorin therapy the reticulocyte count rose to 3.2 
per cent and the fourth day it was 15.1 per cent. Concomitant with the initial reticulo- 
cytosis there was an almost identical increase in the number of circulating sickle cells. 

Prior to the reticulocyte response, the RBC ChE was about 0.50 pH unit per hour. 
Within twenty-four hours after the initial increase in reticulocytes, the RBC ChE started to 
rise. For the next several days the rates of increase in the concentration of reticulocytes, 
sickle cells, and RBC ChE were nearly parallel. The increase in enzyme activity continued, at 
first rapidly and then more slowly, until it reached 0.95 pH unit per hour about three weeks 
after the start of therapy. Thirteen months later the RBC ChE was still at this level and was 
accompanied by an elevated reticulocyte count. 


The plasma ChE rose, initially somewhat rapidly and then much more slowly, from a 
pretreatment level of about 0.62 pH unit per hour to 0.99 pH unit per hour two and one-half 
months later. The results are summarized in Figs. 24 and 2B. 


CASE 3.—D. C., a 19-year-old Negro woman, was admitted with severe anemia accom- 
panied by diarrhea, anorexia, and fever seven weeks following delivery. 

Laboratory studies revealed the following: red blood count 1.80 million, hemoglobin 
5.9 Gm., hematocrit 16, white blood count 4.6 thousand, reticulocytes 0.8 per cent, and platelets 
38,000. Aspirated bone marrow contained numerous megaloblasts. Achlorhydria was present 
even after the injection of histamine, but two weeks later free acid was found. 

Five hundred milliliters of whole blood was given, and 5 wg of vitamin B,, and 500 mg. of 
sodium ascorbate were injected intramuscularly each day. Prior to any reticulocyte response, 
the RBC ChE averaged 0.66 pH unit per hour. On the sixth day of therapy, the reticulocyte 
count started to increase. This was followed within forty-eight hours by an increase in the 
RBC ChE. The erythrocyte enzyme activity continued to rise to reach a plateau three weeks 
later of 1.0 pH unit per hour. By this time the hematocrit had risen to 38. During the 
next two months there was a gradual decrease in enzyme activity to 0.85 pH unit per hour. 
Eleven months later the RBC ChE remained at this level and the hematocrit was 41. 

Prior to therapy with vitamin B,, and ascorbic acid and for about two weeks thereafter, 
the plasma ChE activity ranged from 0.52 to 0.58 pH unit per hour. During the next four 
weeks it progressively rose to reach 0.79 pH unit per hour. These data are shown in Fig. 3. 


Cases of Increased Erythrocyte Destruction or Acute Hemorrhage.—RBC 
ChE, reticulocyte counts, and hematocrits were determined one or more times in 
2 cases of sickle-cell anemia, in one case of severe anemia probably due to sickle- 
thalassemia combination, in 3 cases of anemia associated with the combination of 
sickle hemoglobin and hemoglobin C, in 3 cases of eclampsia during an apparent 
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hemolytic episode, and in one ease of anemia following an acute massive hemor- 
rhage from the uterus. The various types of hemoglobins were demonstrated by 
means of filter paper electrophoresis. The results are summarized in Table II. 

In one ease of sickle-C disease (F. B.), the RBC ChE was 0.96 and 1.02 pH 
units per hour while the reticulocyte counts were 17.7 and 23 per cent. Eleven 
months later the RBC ChE had dropped to 0.77 pH unit per hour and the 
reticulocyte count was then only 2.7 per cent. In the ease of possible sickle- 
thalassemia disease, when the reticulocyte level was elevated, the RBC ChE was 
higher than when the reticulocyte count was low, but at no time did the RBC 
ChE exceed the range for normal nonpregnant individuals (0.74 pH unit per 
hour, S8.D., + 0.07). 


1.0 
i 
= 0.9 
* los] 
i 4 
% 
0.8 08 > 
E aaah ee 
a — 
w 07 O75 
s : 
© 0.6 0.6 & 
a o 
a <= 
0.5 0.5% 
a 
0.43 
20 


% RETICULOCYTES 
fo) 


°o 
a 
° 


| 
= 





np wo 
°o °o 
HEMATOCRIT 


°o 











6 16 26 6 16 26 5 5 25 4 14 | | 2 
NOV. DEC. JAN FEB. OcT. 


Fig. 3.—Case 3, D. C., megaloblastic anemia during the puerperium. 


In 7 of the 10 cases of increased erythropoietic activity due to either in- 
creased red cell destruction or acute blood loss, there was no consistent relation- 
ship between the level of RBC ChE and the number of circulating reticulocytes. 
In one ease of sickle-cell anemia (M. C.), the RBC ChE on oceasion was abnor- 
nally high, but at other times it was normal in spite of a large number of cireu- 
lating reticulocytes. In the 3 eases of eclampsia, the RBC ChE was normal al- 
though the reticulocyte level was as high as 9 per cent. 
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TABLE II. RBC CHE, RETICULOCYTE COUNTS, AND HEMATOCRITS IN PROBABLE SICKLE-THALAS- 
SEMIA ANEMIA, SICKLE-CELL ANEMIA, SICKLE-HEMOGLOBIN C DISEASE, INTRAVASCULAR 
HEMOLYSIS OF ECLAMPSIA, AND SEVERE ANEMIA DUE TO ACUTE HEMORRHAGE 



































| RETICULO- | 
RBC ChE CYTES 
DIAGNOSIS PATIENT DATE | pH/HOUR (PER CENT) HEMATOCRIT 
Sickle-thalas- E. G. Oct. 8 0.70 iat 26 
semia anemia Oct. 14 0.73 13.4 25 
Jan, 6 0.59 ay 39 
July 13 0.61 0.6 40 
Sickle-cell M. C. Sept. 30 0.78 17.0 28 
anemia Oct. 20 0.90 16.5 27 
Oct. 26 0.98 11.9 23 
Dee. 22 0.71 9.0 29 
Dee. 29 0.73 10.5 29 
1G. June 24 0.98 ef 33 
Sickle-C ines; Aug. 11 0.96 EB 23 
anemia Aug. 12 1.02 23.0 22 
July 14 (0.76 2.7 32 
Ba. Sept. 22 0.77 1.6 33 
E35, Go Apr. 14 0.76 2.5 30 
July 5 0.85 2.8 33 
Kelampsia M.S. May 31 0.80 PS 39 
June 8 0.77 6.4 40 
fey LE Dee. 17 0.68 ye | 37 
Dee. 21 0.72 6.0 36 
AS. Nov. 24 0.66 6.2 s) 
Nov. 30 0.66 9.1 34 
Dee. 4 0.64 5.6 36 
Acute M. A. Oct. 6 0.90 4.5 20 


hemorrhage 








DISCUSSION 

A slight but significant increase in RBC ChE per unit volume of red cells 
occurs during pregnancy. Since mean corpuscular volumes were not calculated 
for each specimen of blood obtained from the normal pregnant and _ post- 
partum patients, it cannot be said with certainty that the increase in RBC ChE 
represents an actual increase in mean cell esterase activity; however, mean 
corpuscular volumes were determined in 16 specimens of blood from the 
mothers at delivery and the average was 89 millimicrons, 

The usual increase in plasma volume during pregnancy probably is about 
25 to 35 per cent;® ° therefore, in the nonanemic pregnant patients, the rate of 
erythrocyte production must have exceeded erythrocyte destruction and, thus, 
a greater proportion of the circulating red cells must have been released more 
recently from the bone marrow than was true in blood from the normal non- 
pregnant individuals. The alternative is that the lifespan of circulating 
erythrocytes during pregnancy must be significantly lengthened. The results 
of measurements of red cell survival during pregnancy do not support this 
possibility.*° Since studies by Pritchard*® and by Sabine’ indicate that young 
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erythrocytes obtained following hemorrhage or during the reticulocytosis 
following treatment in cases of pernicious anemia contain significantly more 
cholinesterase activity than do the older circulating red cells, it would seem 
most likely that the progressive increase in erythrocyte cholinesterase activity 
during pregnancy results from an increase in the concentration of younger red 
cells cireulating in the blood. 

Per unit volume of red cells, there is a marked difference between RBC 
ChE in red cells from either nonpregnant or pregnant normal adults and RBC 
ChE in erythrocytes from normal term fetuses. When RBC ChE is expressed 
as mean cell esterase activity, however, this difference is not as marked, since 
the mean corpuscular volumes of the fetal red cells averaged 112 millimicrons 
compared with 89 millimicrons for the red cells from the normal mothers. 
Therefore, while maternal RBC ChE per unit volume was 62 per cent greater 
than fetal RBC ChE, mean red-cell esterase activity in the mother was only 
30 per cent greater than mean red-cell esterase in the fetus. 

Both the increase in maternal RBC ChE as pregnancy advanced and the 
lower RBC ChE in the fetus than in the mother differ from the changes found 
in plasma ChE during pregnancy.’ Plasma ChE progressively decreases as 
pregnaney advances from the nonpregnant level of 0.84 pH unit per hour to 
0.66 pH unit per hour during the third trimester. The maternal mean plasma 
ChE and the plasma ChE in the term fetus are identical at the time of delivery. 

During the period prior to a hematopoietic response in the 3 eases of 
megaloblastic anemia of pregnancy and the puerperium, the RBC ChE was 
reduced. This reduction held true whether the activity was calculated per 
cell or per unit volume of red cells, since in all 3 cases the erythrocytes were 
normoeytie. Within twenty-four to seventy-two hours after the first detectable 
increase in the reticulocyte count, the RBC ChE started to increase. As 
erythropoiesis continued, with the result that most of the circulating erythro- 
cytes were young cells, the RBC ChE rose above the normal range. Then, in 
Cases 1 and 3, the activity slowly dropped to normal and remained there. The 
changes in RBC ChE following therapy in these 2 cases were very similar to 
those which have been observed previously in Addisonian pernicious anemia.” * 4 

In Case 2, however, in which megaloblastic anemia was associated with 
sickle-cell anemia, the initial rise in RBC ChE was not followed by a fall to 
the normal range; instead, it was still elevated thirteen months later. This 
difference in the ultimate level of RBC ChE between Case 2, with associated 
sickle-cell anemia, and Cases 1 and 3 is consistent with the concept that an 
elevated RBC ChE results from an increase in the number of circulating young 
erythrocytes, since ordinarily in sickle-cell anemia there is an increased rate 
of red cell production and many young cells in the circulation. 

The increase in plasma ChE which followed therapy in these 3 cases was 
Similar to the rise noted in true pernicious anemia after a hematological 
response,” * but any evaluation of the changes in plasma ChE during and after 
remission in Cases 1 and 2 is difficult, since in normal pregnancy during the 
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third trimester there is, on the average, a 21 per cent decrease in plasma ChE. 
Within six weeks following delivery, however, the plasma ChE has returned to 
the prepregnant level in normal patients,’ so that it would seem probable that 
at least in Case 3 the increase in plasma ChE was related to the remission pro- 
duced by vitamin B,. and ascorbie acid since pretreatment plasma ChE 
measurements were first carried out seven weeks after delivery. 


In spite of the evidence set forth in previous reports* ° that younger 
erythrocytes usually possess greater cholinesterase activity than do older red 
cells, the present study of patients with increased erythroid activity due to a 
hemolytic process or following acute hemorrhage indicates that a measure of 
RBC ChE more often than not is of no value as a means of detecting such bone 
marrow hyperactivity. In only 3 of 10 cases would the RBC ChE suggest an 
increased rate of red cell production, and, in one of these 3 cases (M. C., 
sickle-cell anemia), repeated measurements over a three-month period did not 
consistently result in the detection of an elevated RBC ChE although there 
was an appreciable reticulocytosis at the time of each study. 

This lack of consistent correlation between RBC ChE and the degree of 
reticulocytosis in hemolytic anemias is not peculiar to this enzyme alone. Even 
though reticulocytes have significantly greater glycolytic activity than do older 
red cells, Hollingsworth" did not find a consistently good correlation between 
red-cell glycolytic activity and the degree of reticulocytosis in cases of 
hemolytic anemias. 

SUMMARY 


There is a slight but significant increase in RBC ChE during normal 
pregnaney. RBC ChE in the normal term fetus is lower than in the mother. 

Prior to remission in megaloblastic anemia of pregnancy and the puer- 
perium, RBC ChE is low; following a hematological response RBC ChE be- 
comes appreciably elevated and then ultimately falls to the normal range in 
otherwise uncomplicated cases. 

Although previous studies strongly suggest that RBC ChE is greater in 
young red cells, RBC ChE in eases of hemolytic anemias frequently is not 
significantly elevated in spite of evidence of bone marrow hyperactivity. 

The measurement of RBC ChE is not a satisfactory test to detect the 
presence of bone marrow erythroid hyperactivity. 
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SERUM TRANSAMINASE ACTIVITY 
OBSERVATIONS IN A LARGE GROUP OF PATIENTS 
Murray CuHINSsKY, M.D., George L. SHMAGRANOFF, M.D., AND Sou SHERRy, M.D. 
Sr. Louis, Mo. 


LUTAMIC oxalacetic transaminase, henceforth referred to as transaminase, 
is present in high concentration in such tissues as heart, liver, kidney, 
muscle and brain.’. This enzyme catalyzes the following reversible reaction: 


glutamic-oxalacetic 
transaminase 





glutamate + oxalacetate — ~ aspartate + alpha-ketoglutarate 





in which the alpha amino nitrogen of the amino acid is transferred for the 
alpha-keto group of the alpha-keto acid with the synthesis of a second amino 
acid and a second alpha-keto acid. Recent studies have demonstrated the 
presence of this enzyme in all normal human sera studied? and its significant 
elevation in diseases associated with myocardial’ and hepatic necrosis.*| Experi- 
mentally, infarctions produced by ligation of the coronary, pulmonary, renal, 
splenic, and mesenteric vessels produced significant elevations of the serum 
transaminase activity, which were roughly correlated with the degree of tissue 
involvement.’ Significant elevations of transaminase activity were not ob- 
served with temporary occlusion of these same vessels.° Experimental hepatic 
necrosis produced by earbon tetrachloride has resulted in elevations of serum 
transaminase activity of 50 to 1,000 times normal.* 

It is the purpose of this report to describe the levels of serum transaminase 
activity in a group of 400 patients with a variety of diseases, and to discuss the 
use of this procedure as a diagnostic method. 


METHODS 


Serum transaminase activity was assayed by the method of Karmen.2 Wherever 
possible, serial specimens were obtained for assay. The whole blood specimens were kept 
under refrigeration until separation of the serum and assay. No significant decrease in 
transaminase activity was noted during forty-eight-hour periods of refrigeration. Dupli- 
cate samples were consistently reproducible within 10 units per milliliter of serum. 

Transaminase activity of bile and urine was determined by the method of Karmen,? 
modified only in that the solution to be assayed was substituted for serum. 

Preliminary observations, pertinent to the study, included: 

A. Normals.—Fifty assays of the serum transaminase of 15 young healthy adults ranged 
from 7 to 40 units per milliliter of serum, with an average of 20 + 8 units per milliliter. An 
arbitrary definition of ranges of activity was made as follows: 


Normal — Up to 40 units per milliliter of serum. 
Border line — 41 to 50 units per milliliter of serum. 
High — Above 50 units per milliliter of serum. 


From the Division of Medical Services, The Jewish Hospital of St. Louis, and the De- 
partment of Medicine, Washington University School of Medicine. These studies were sup- 
ported by a grant from the St. Louis Heart Association. 
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Multiple transaminase assays on these 15 normals did not vary by more than 10 units per 
milliliter of serum and were independent of the time of day, relation to meals, and previous 
exercise.* 

B. Other Body Fluids.—In order to gain information about modes of excretion of 
transaminase, urine and bile were studied for their content of the enzyme. Insignificant 
amounts of transaminase were present in normal urine. In patients with high serum 
transaminase levels, significant amounts of enzyme activity appeared in the urine, but 
’ the urinary levels were very low in comparison to the serum levels. Fresh bile was ob- 
’ tained from two patients at laparotomy, one with a normal biliary tree, the other with 
chronic cholecystitis and lithiasis but without common duct obstruction. Both specimens 
of bile contained 2,000 units of transaminase activity per milliliter of bile, respectively, 
indicating the presence of large amounts of transaminase in the bile. 


























RESULTS 
e Table I summarizes the results obtained in the 400 cases studied. The 
cases have been divided into major disease categories. Under each category 
e are shown the total studied, as well as the number of cases with normal, border- 
" line, and high transaminase levels. Although multiple or serial determinations 
‘. were obtained in most instances, the highest transaminase activity observed 
1 was used in constructing the table. 
ny 
TABLE I, SUMMARY OF THE SERUM TRANSAMINASE ACTIVITIES OF THE 400 CASES STUDIED 
le - 
| TOTAL 
= NUMBER OF TRANSAMINASE LEVELS 
ic DIAGNOSIS CASES NORMAL | BORDERLINE | HIGH 
m Acute myocardial infarction ELT 4 5) 108 
a. ECG diagnostic 84 4 1 79 
b. ECG not diagnostic 33 0 4 29 
Se A. Autopsy evidence 8 0 1 7 
" B. Clinical evidence 25 0 3 22 
e Anginal syndrome 69 64 5 0 
Acute pulmonary edema 16 12 3 1 
Chronic congestive cardiac failure 11 ata 0 0 
3enign idiopathic pericarditis 5 5 0 0 
Cardiae arrhythmias 15 7 0 8 
yer Cerebral vascular accidents 6 5 0 1 
at Hepatitis 15 1 0 14 
= I. Infectious mononucleosis 6 0 0 6 
= II. Infectious or serum hepatitis 8 0 0 8 
oli- III. Chronie granuloma of liver ] 1 0 0 
Cirrhosis of the liver 13 5 0 8 
mas Obstructive jaundice 10 2 0 8 
ed Carcinomatosis 10 5 0 5 
Pancreatitis 16 2 3 11 
Miscellaneous 97 88 2 fi 
ged 
An Acute Myocardial Infarction.—There were 117 acute myocardial infarctions 
occurring in 107 patients. The electrocardiogram revealed the typical pattern 
of acute myocardial infarction in 84 instances. Fig. 1 cites the results of serial 
ransaminase determinations in these 84 infarcts. It will be noted that the 
serum transaminase level became significantly elevated approximately six 
De- 


a. hours after the onset of chest pain, rising to a peak at about twenty-four hours 
alter the onset of pain. The levels then returned toward normal, reaching the ~ 





*Kight of our normal group participated in a strenuous basketball game of three hours’ 
duration, during which they maintained a persistent tachycardia. No significant elevation of 
their serum transaminase occurred as a result of this activity. 
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normal range on the third to the sixth day. The serial changes in serum 


transamina 


se activity of two patients of this group have been charted in Fig. 


1, to demonstrate that the duration of elevation of the serum transaminase 
activity appeared to be related to the height of activity achieved at the twenty- 
four hour peak. 
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Fig. 1—Serum transaminase levels observed after the onset of pain in 84 instances of proved 


myocardial infarction. 
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Of these 84 patients, 79 developed abnormally high serum transaminase 
values, 1 had a value in the borderline range, and 4 were in the normal range. 
In the latter group, one patient died one and one-half hours after the onset of 
pain; one had her acute episode seven days prior to the initial sampling; one 
had no specimens drawn between the sixth to the sixtieth hour; and one had 
his acute episode three days prior to the first assay. The patient with the value 
in the borderline range only developed a level of 41 units, but this proved to 
be 314 times his subsequent levels. 

An additional 33 cases were diagnosed as having had myocardial infarcts 
without electrocardiographie confirmation. Eight were proved to have acute 
infarets at autopsy, whereas the diagnosis in the other 25 cases was made on 
clinical evidence. In almost all instances the electrocardiogram was abnormal 
but not diagnostic of infarction. In all instances of the group with infarcts 
at autopsy, except for one patient who died one and one-half hours after the 
onset of pain, the serum transaminase was in the high range. Twenty-two of 
the 25 patients in whom infarction was diagnosed on clinical grounds had a 
high serum transaminase level. The results were border line in the other 3, but 
specimens were not obtained at optimal times after the onset of pain. 

Although there were insufficient data to correlate serum transaminase 
activity with size of infaret or prognosis, it was observed that those patients 
who had very high serum transaminase levels (i.e., above 200 units) were usu- 
ally desperately ill and had a high mortality rate. Of 111 patients who sur- 
vived the first day of their insult, 25 developed serum transaminase activities 
of greater than 200 units. Thirteen of these patients died (52 per cent mor- 
tality), and an additional 7 were in severe shock for protracted periods of 
time. In contrast, 14 of the 86 patients who did not reach levels of 200 died 
(16 per cent mortality), and the incidence of shock was not as great. 


Comment: Of the entire group of 117 diagnosed infarctions, 108, or 92 per- 
cent, were associated with an abnormally high serum transaminase. When 
specimens were taken at proper intervals, only one case of the entire group 
failed to develop a high value. The optimal time for observing the peak transami- 
nase activity was twenty-four hours after the onset of pain. Evidence was ob- 
tained which suggests that the appearance of very high transaminase levels may 
be a poor prognostie sign. 


Anginal Syndrome.—Of 69 eases with the anginal syndrome, 64 had normal 
serum transaminase activity and 5 reached borderline levels. In no instance 
was a high level observed. Twenty-one of the patients with the anginal syn- 
drome had only a single determination of transaminase activity, specimens 
being obtained twenty-four to fifty-two hours after the onset of pain. The 
remaining 48 cases had serial determinations, with 36 exhibiting no significant 
changes. Twelve eases, all with abnormal electrocardiograms, did show signifi- 
cant serial changes in transaminase (greater than 20 units) even though the 
maximal value did not exceed the normal or borderline range. An example 
0! this latter type of response is shown in Fig. 2. 
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Comment: The serum transaminase remains in the normal or near normal 
range with the anginal syndrome. Of interest is that some of these patients 
developed serial changes in transaminase activity which might, in the light of 
experimental work,’ suggest the presence of small or subclinical infarcts. 
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_. Fig. 2.—Significant serial changes in serum transaminase activity observed in a patient 
with the anginal syndrome. The maximum level reached is just at the upper limit of the 
normal range. 


Acute Pulmonary Edema.—Of 16 patients with acute pulmonary edema in 
whom acute myocardial infarction was not the precipitating cause, the serum 
transaminase activity was normal in 12, border line in 3, and elevated in 1. The 
latter case was complicated by the presence of a rapid auricular fibrillation (180 
per minute). The association of a high transaminase with rapid arrhythmias 
will be subsequently discussed. 

Chronic Congestive Cardiac Failure.—There were 11 cases with chronic con- 
gestive cardiac failure due to arteriosclerotic heart disease. All of these 
patients had normal serum transaminase levels. The level of serum transami- 
nase was not altered by treatment for the cardiac failure or by the presence 
of digitalis intoxication. 

Benign Idiopathic Pericarditis—Normal serum transaminase activity was 
observed in all 5 cases of benign idiopathic pericarditis studied. 

Cardiac Arrhythmias.—Serum transaminase levels were studied in 15 in- 
stances of cardiac arrhythmias, occurring in 14 patients. The results are shown 
in Table II. The patients have been divided into two groups according to their 
ventricular rates. The 7 patients with ventricular rates of 120 to 160 beats per 
minute had normal serum transaminase activity, while the 8 instances of very 
rapid arrhythmias were associated with high transaminase levels. It is to be 
noted, however, that 2 of the patients (E. H. and S. B.) with normal transaminase 
levels had previously had very rapid rates. Patient O. P., with a rapid ventricu- 
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lar tachycardia, developed a transaminase level of 750 units. Post-mortem 
examination revealed extensive centrilobular liver cell necrosis but no myocardial 
infaret or myocarditis. 

Comment: The mechanism for the elevation of serum transaminase in some 
of the patients with cardiac arrhythmias is obscure. Perhaps centrilobular liver 
cell necrosis may contribute to this level, as suggested by the one patient who 
came to autopsy. In normals, tachycardia produced by strenuous exercise did 
not elevate the serum transaminase level. 


TABLE IT. SrRuM TRANSAMINASE LEVELS IN PATIENTS WITH CARDIAC ARRHYTHMIAS 








SERUM 





TRANSAMI- 
AGE VENTRICULAR NASE 
CASE | (YR.) SEX |TYPE OF ARRHYTHMIA RATE UNITS/ML. REMARKS 
A. Ventricular Rate 120 to 160 Per Minute 
M. N. 67 M Paroxysmal auricular 150 32 
tachyeardia 
H., aT. 52 F Paroxysmal auricular 140 31 Two hours previ- 
tachycardia ously had rate of 
250 to 300 
M. i. 40 F Paroxysmal auricular 150 15 
tachycardia 
5. B. 26 M_  Auricular flutter 120-140 14 Had rate of 150 
to 200 the previ- 
ous day 
LL. B; 47 M_ Nodal tachycardia 140-160 23 
E. 8S. 66 F Auricular fibrillation 135 29 
N. F. 68 Ms Fiutter-fibrillation 130-140 38 
B. Ventricular Rate 180 to 300 Per Minute 
J. W, 55 M Ventricular tachy- 200-250 79 
eardia 
ec 55 M_ Ventricular tachy- 250 56 
eardia 
A. W. 71 M_ Auricular flutter 200 143 
B. B. 61 F Flutter-fibrillation 180-200 122 
OOP. 49 M_ Ventricular tachy- 200-250 750 At post-mortem, 
eardia exhibited centri- 
lobular liver cell 
necrosis 
EL. M. 66 M_ Auricular flutter 200-250 67 
M. K. 60 M~ Auricular fibrillation 180-200 110 
Ss io F Flutter-fibrillation 190 112 





Cerebral Vascular Accidents—Four of the 5 patients with cerebral vascular 
accidents had normal serum transaminase levels. The patient with a high level 
(970 units) entered in profound shock and at autopsy exhibited a massive area 
of encephalomalacia. There were no significant abnormalities in the heart 
and liver. 

Hepatitis—The serum transaminase was high in 14 of the 15 patients with 
hepatitis. The only normal value was observed in a nonjaundiced patient who, 
on liver biopsy (at exploratory laparotomy), proved to have a chronic granuloma- 
tous lesion of the liver. 


All 6 patients with hepatitis due to infectious mononucleosis (2 were not 
icteric) had high serum transaminase activities ranging from 50 units to 150 
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units. The 8 patients with infectious or serum hepatitis had very high transami- 
nase levels ranging from 173 units to 2,200 units. Seven of these latter patients 
had levels above 400 units. 


Fig. 3 describes serial transaminase determinations in an uncomplicated 
case of infectious hepatitis. Note the persistence of very high serum transaminase 
levels for approximately one week, followed by a slow approach toward the 
normal range. 
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Fig. 3.—Serial serum transaminase levels in a patient with acute infectious hepatitis. Sixteen 
days after the onset of jaundice, the level is still significantly elevated. 

Comment: Experimentally, hepatie necrosis has been associated with marked 
serum transaminase rises which have remained high for variable periods and 
fallen with or before clinical improvement.* Our observations in patients with 
hepatitis are in accord with these experimental studies. At present, sufficient 
data are not available to correlate the serum transaminase level with other tests 
for hepatic function. 

Cirrhosis of the Liver—tThere were 13 eases of cirrhosis of the liver. Of 
the 9 patients who were jaundiced, 7 had high transaminase levels and only 2 
had normal values. One of the latter was in hepatic coma. Autopsy revealed 
far-advaneed cirrhosis, without evidence of acute necrosis. 

Only 1 of the 4 nonjaundiced patients had an elevated serum transaminase 
level. This patient was found to have a liver abscess and biliary cirrhosis at 
laparotomy. 

Obstructive Jaundice.—There were 10 cases with an obstructive type jaun- 
dice; 7 were due to common duct obstruction and 3 were secondary to Thorazine. 
There was little evidence by laboratory tests of hepatic parenchymal disease 
in any of these patients. The serum transaminase values in these 10 patients 
at the height of their icterus were 26, 39, 61, 83, 94, 103, 108, 141, 144, and 
268 units. In general, the levels of serum transaminase followed the course of 
the serum bilirubin. 
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Comment: Although the majority of these patients with obstructive jaun- 
dice had elevated serum transaminases, the levels were lower than observed in 
the infectious or serum hepatitis group. The observation that normal bile con- 
tains approximately 2,000 units per milliliter suggests that bile may be a normal 
route of excretion of this enzyme and may explain the elevation of serum 
transaminase in obstructive jaundice without hepatic necrosis. 

Carcinomatosis.—There were 10 cases of carcinomatosis. Five of these were 
shown to have hepatic metastases (four were jaundiced), either by biopsy or 
post-mortem examination. All 5 had high serum transaminase levels. The re- 
maining 5 eases did not have liver involvement, and all had normal transaminase 
levels. 

Acute Pancreatitis.—The results observed in 16 cases with acute pancreatitis 
are shown in Table III. Eight of the ten jaundiced patients had elevated 
transaminase levels, and the other 2 jaundiced patients had values in the 
borderline range. Four of these jaundiced patients were explored, and the 
operative findings are noted in Table III. Among the 6 nonjaundiced group, 
3 patients had high transaminase levels, 1 border line, and 2 normal. 


























TABLE III. SERUM TRANSAMINASE ACTIVITY IN 16 CASES OF ACUTE PANCREATITIS 
a | l TRANSAMI- 
AGE } DIASTASE NASE 
PATIENT (TER.) | SEX JAUNDICE| LEVEL* LEVEL* REMARKS t 
EK. B. 54 F - 700 U. aM Os 
EC; 48 M - 530° U. a2 U. 
M. F. 39 M - 9000 U. 44 U. 
d Ee ak 55 M - 1250 U. 144 U. 
S. RR. 66 F - 1500 U. oo Us 
M. W. 44 M - 3600 U. oo Us 
GC. . 32 M + 7a0' U. 44 U. 
AS AK 56 M + 3000 U. 45 U. Acute hemorrhagic pan- 
creatitis 
AY Te. 72 F + 5140 U. 154 U. 
CM: 30 F + 1500 U. 330 U. Stones in gall bladder, 
common duct not dilated 
T. MM. 60 i th + 1125 U. 1520. 
S. S. 82 M + 1800 U. 79 Uz. 
G. S. 64 M + 1750 U. 329 U. Empyema of gall bladder, 
common duet not dilated 
H.. W. 51 M 7 3000 U. 162 U. Stones in gall bladder, com- 
mon duet dilated, no eom- 
mon duet stone 
R. Zi 57 F + 6000 U. 420 U. 
Me Ts 5 M + 1200 U. 180 U. 
*Highest level observed during course of illness. 


*Operative findings. 


Among the jaundiced patients, serum transaminase levels followed the 
course of the icterus. There did not appear to be any consistent correlation 
between the level of serum transaminase and the serum diastase in either the 
jaundiced or nonjaundiced eases. 

Comment: Acute pancreatitis is associated with a high incidence of in- 
creased serum transaminase activity. The mechanism or mechanisms for this 
response remain to be investigated. 
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Miscellaneous Diseases—There were 97 cases of miscellaneous diseases ob- 
served in this study. Eighty-eight had normal transaminase levels, 2 borderline 
levels, and 7 high levels. 


The 88 patients with normal transaminase levels included the following: 
acute bacterial pneumonia (9) ; acute cholecystitis (7); lymphoma (5); chronic 
uremia (4); essential hypertension (4); cellulitis of leg (3); inactive rheumatic 
heart disease (3); ureteral caleulus (2); psychoneurosis (2); disseminated lupus 
erythematosus (2); dermatitis (2); severe diabetic acidosis (2); anemia (pri- 
mary) (2); aeute gastroenteritis (2); acute intestinal obstruction (2); pulmo- 
nary infarction (2); bronchial asthma (2); pemphigus (2); hydrops of the gall 
bladder (2); acute cholangitis (1); advaneed pulmonary tuberculosis (1); labor 
(1); brain tumor (1); Chareot-Marie-Tooth syndrome (1); pulmonary fibrosis 
and emphysema (1); generalized scleroderma (1); perinephritie abscess (1) ; 
aortic aneurysm (1); ruptured aortic aneurysm (1); subacute bacterial endo- 
carditis (1); senile brain degeneration (1); trauma to chest (1); salicylate 
intoxication (1); myotonia congenita (1); acute renal shutdown (1); rheumatoid 
arthritis (1); osteoarthritis of spine (1); heat exhaustion (1); neurofibroma of 
abdominal wall (1); postoperative ischial osteotomy (1); cardiae neurosis (1); 
hemorrhagic cyst of adrenal (1); mesenchymal tumor of omentum (1); duodenal 
uleer (1); duodenal uleer with hemorrhage (1); acute tonsillitis (1); chronic 
cystitis (1); vascular thrombosis of spinal cord (1). 


TABLE IV. PATIENTS OF MISCELLANEOUS GROUP WITH ELEVATED SERUM TRANSAMINASE 
ACTIVITY 

















| SERUM 
AGE TRANSAMINASE 
CASE ( YR.) SEX UNITS/ML, REMARKS 
i ae a 43 F 476 Postcommissurotomy syndrome with decompensa- 


tion and shock. Autopsy revealed anasarca, 
inactive rheumatic heart disease with frac- 
tured stenotic mitral valve, and marked centri- 
lobular liver cell necrosis 
BOT. 26 F 670 Granulocytopenia with toxemia and _ shock. 
Autopsy revealed maturation arrest of granu- 
locytes, extensive ulcerative tracheobronchitis, 
and marked liver cell necrosis 
iS: 55 M 106 Following subtotal gastrectomy for pyloric ob 
struction, developed hypotension and progres- 
sive jaundice. Liver biopsy at laparotomy re 
vealed centrilobular liver cell necrosis. Clini- 
sally suspected to have acute pancreatitis as 
well 
R. O. 70 F 69 Gangrene of one foot secondary to arterio 
sclerotic peripheral vascular disease. De 
veloped unexplained shock, persisting for 
several days 
F 99 Pre-eclampsia in labor 
67 F 163 Severe right upper quadrant and substernal 
pain, radiating to both shoulders. One 
electrocardiogram, normal, Gall _ bladder, 
nonfunctioning and containing lithiasis 
HH. C. 66 M 154 Postoperative for spontaneous rupture of 
esophagus. Developed empyema, bouts of 
severe chest pain, and died. No autopsy 
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The 2 eases with borderline levels included a patient with pernicious anemia 
in relapse (44 units), and a case of ruptured aortic aneurysm (44 units). 

Significant data pertaining to the 7 patients of the miscellaneous group with 
elevated transaminase levels is summarized in Table IV. In the three instances 
where pathologie studies were available, the common finding of liver cell necrosis 
was present. 

Comment: The observation of normal serum transaminase levels in 4 pa- 
tients with chronic uremia and 1 patient with acute renal shutdown indicates, 
as previously suspected from urinary studies, that deficient renal excretory 
mechanisms cannot be responsible for the appearance or maintenance of ele- 
vated serum transaminase levels. 


DISCUSSION 


The observations described in this report indicate that serial measurements 
of serum glutamic-oxalacetic transaminase in patients may be a useful laboratory 
procedure in a number of disease situations. 


Although the glutamic-oxalacetic transaminase is said to be most highly 
concentrated in heart muscle,? clinical observations in patients indicate that 
serum elevations of this transaminase are not restricted to myocardial necrosis. 
Experimentally, necrosis of lung, liver, spleen, kidney, and the gastrointestinal 
tract is also associated with increased serum transaminase activity.° The amount 
of transaminase liberated into the serum probably reflects the amount of tissue 
involved multiplied by its transaminase concentration. The clinical observations 
in this report would indicate that the heart and liver commonly are involved 
sufficiently in disease situations to liberate significant amounts of transaminase. 
It is quite likely that extensive necrosis of other tissues containing high con- 
centrations of transaminase will also lead to significant rises in the serum level. 
Studies on patients with obstructive jaundice suggest that elevations in serum 
transaniinase activity may also result from interference with normal excretory 
pathways. More extensive studies will be required to delineate the usefulness of 
this serum enzyme assay as a diagnostic laboratory procedure. 


SUMMARY AND CONCLUSIONS 


1. The serum glutamic-oxalacetic transaminase activity was determined in 
400 patients with a variety of diseases. 

2. Almost all patients with acute myocardial infarction developed a 
significantly elevated serum transaminase activity. The peak activity usually 
appeared twenty-four hours after the onset of pain. Patients with the anginal 
syndrome did not develop significantly elevated serum transaminase levels. 

3. Elevated serum transaminase levels were also observed in patients with 
hepatie necrosis, as well as the majority of patients with jaundice of any type; 
acute pancreatitis ; and very rapid cardiac arrhythmias. 

4. At the present state of knowledge, the serum transaminase assay, when 
carried out at the appropriate time, is most useful in excluding the presence 
of significant myocardial or hepatic necrosis. 
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BLOOD ACETYLCHOLINE IN BRONCHIAL ASTHMA 


ALAN L. MicHELson, M.D., AND Francis C. LowE.u, M.D. 
Boston, Mass. 


UMEROUS investigators have, suggested that bronchial asthma is an ill- 
ness related to dysfunction of the autonomic nervous system manifesting 
itself by parasympathetic predominance’? Since the pioneering work of 
Eppinger and Hess,‘ in 1909, studies of the disease states supposedly asso- 
ciated with autonomic imbalance have repeatedly attempted to establish a 
physiologic basis for such speculations. The investigations of Curry and co- 
workers,>? a decade ago, supplied further impetus to the search for physiologic 
proof of such imbalance. They showed that the asthmatic lung is very respon- 
sive not only to histamine but to acetyl beta methylcholine (mecholyl) as 
well. This increased responsiveness was limited to the bronchial tree, as the 
general systemic reaction to these drugs did not differ from that seen in nor- 
mal subjects. Stimulated by Curry’s work, other workers, including Funken- 
stein,*1* using parenteral epinephrine and intramuscular mecholyl as test 
drugs in asthmatics in varying feeling states, found that when asthmatic 
patients were mentally ill and also free of attacks’? the blood pressure reaction 
to the test drugs was more of a ‘‘sympathetie system response,’’ followed by 
an induced attack which was mild and was of a relatively short duration. In 
contrast, when patients were not frankly psychotie and were having asthmatic 
attacks, the blood pressure reaction was more ‘‘parasympathetic’’ and mecholyl 
would produce a relatively longer and more severe attack. 

In addition to the use of the degree of responsiveness to cholinergic drugs 
as a means of estimating parasympathetic overactivity, attempts have been 
made to detect acetylcholine in the circulating blood. Diethelm’ ™* studied 
the relationship between various emotions and certain physiologic effects in 
blood samples drawn at the time of psychiatric interview, and he reported an 
acetylcholine-like effect correlated with tension and an epinephrine-like effect 
associated with anxiety, in addition to other effects associated with resentment, 
guilt, and anger. Vorhaus, Scudamore, and Kark* described increased levels 
of acetylcholine in the venous blood of asthmatic subjects, using the very 
sensitive clam heart method. However, Ritchie,’® using a different method, 
found neither increased cholinergic nor adrenergic properties in venous blood 
while studying a group of patients with varying psychiatric disorders. 

As part of a study of bronchial asthma currently in progress,* an attempt 
was made to detect acetylcholine or similar substances in venous blood and 
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to learn whether the level was significantly different in normal and asthmatic 
subjects. Previous studies have shown that the level of cholinesterase in 
bronchial asthma is within normal limits’; therefore our studies at this time 
were restricted to attempts at measuring cholinelike substances. 










METHODS 





Over a 9-month period, 157 venous blood samples were obtained from 20 men and 
8 women patients suffering from various degrees of asthma. Some were symptom-free, 
some were receiving steroid therapy at the time, and in one instance an asthmatic attack 
was induced using aerosolized histamine. As controls, 74 samples of blood were obtained 
from patients without asthma, on the ward or in the outpatient department, and from 
physicians, employees, and medical students. Samples were drawn between 9 A.M. and 
5 P.M. but most frequently at 2 P.M. 

Blood was at first collected according to the method of Babkin and associates,18 but 
potassium oxalate was found to be satisfactory and this was used in the later studies as 
an anticoagulant. The samples were drawn from the antecubital veins of all patients, 
utilizing siliconized equipment in order to minimize trauma to the cellular constituents. 
The blood was then placed in tubes previously prepared with 1:4,000 Prostigmine and 
0.1 N HCL to preserve the acetylcholine present and either heparin or potassium oxalate 
as an anticoagulant. Whole blood, or plasma or serum, after centrifugation at 2,500 r.p.m. 
for thirty minutes, was studied within one hour of venipuncture. One milliliter or less 
of the test sample was added to the clam heart (Venus mercenaria) preparation suspended 
in 10 ml. of sea water, and the tracing was recorded on the smoked drum of a slowly 
moving mechanical kymograph. The bioassay method has been described by Wait19 and 
extensively studied by Welsh and Taub.2° 

The perfusion bath in which the test organ was suspended was constructed so that 
after each application of either a test sample of blood or a drug the organ could be 
rapidly washed with fresh sea water, permitting repeated tests with one preparation in 
the course of a single experiment. 

Prior to application of the blood samples, the clam heart was pretreated with certain 
substances, described below, in an effort to help in the interpretation of the results and 
to avoid the stimulating effects of 5-hydroxytryptamine, histamine, or epinephrine that 
might be present.21. Early in the study, DHE 45 (dehydroergotamine methanesulfonate) 
was used in a dilution of 0.25 mg. per 100 ml. to stimulate maximally the test preparation, 
and, later, lysergic acid diethylamide, an even more effective agent, was used in a similar 
manner.21 After the test sample had been run in duplicate or triplicate and the tracings 
recorded, the heart was treated with mytolon chloride (2,5-bis-[3-diethylaminopropylamino |- 
benzoquinonebis-benzyl chloride), which, in this preparation, has been shown to be the most 
potent antagonist available for acetylcholine.22 

In addition, the protein in samples of serum and plasma was coagulated by heat, 
resuspended in the perfusion fluid, and applied to the test preparation. This was done in 
order to break up such protein-acetylcholine complexes as might be present. Acetylcholine, 
known to resist heating, if released, might then be measured. The effect of cholinelike 
substances on the heart of Venus mercenaria is to decrease the amplitude of contraction and 
to slow the rate.20 This was the response expected from the application of acetylcholine 
alone or from blood if it contained acetylcholine or similar substances. 





































RESULTS 





The results and observations in 231 blood samples are described below. 

1. Acetylcholine in as small amount as 1 x 10°? mg. per milliliter, when 
added to the perfusion fluid by itself or in plasma, serum, or blood (as shown in 
Fig. 14) gave the expected decrease in rate and amplitude. Boiling acetyl- 



















the 28 normal controls (19 men and 9 women), there was no instance in which 
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choline for five minutes did not affect the response (Fig. 1B). The response 
to acetylcholine added in these various ways was completely blocked by mytolon 
chloride, as illustrated in Fig. 1C. 


\ i byl 





Fig. 1A4.—The effect of acetylcholine 1 x 10- mg. per milliliter in various amounts. 


1 ml. of PLASMA and 
ACH 1x10 mg./ml. 


Bom. of PLASMA and 
ACH 1x10~! mg./ml. (HEATED) 
0.5 ml. of PLASMA and 
ACH 1x10~? mg. /ml.. ( UNHEATED) 





Fig. 1B.—The effect of 0.1 ml. acetylcholine 1 x 10-5 mg. per milliliter added to 0.9 ml. of 
plasma before and after heating. 


2. Normal Controls: Among the seventy-four blood samples drawn from 
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the typical response (see Fig. 1B) was obtained. In certain cases, however, the 
application of whole blood or separated red blood cells caused a decrease in 
amplitude of the heartbeat without a significant change in heart rate (Fig. 2A). 
This decrease in amplitude was not blocked by the application of mytolon 
ehloride (Fig. 2B) and therefore could not be ascribed to the presence of 
acetylcholine. On thirty separate occasions, in ten normal subjects, acetyl- 
choline in a concentration of 2 mg. per milliliter was injected at a rate of 
approximately 20 mg. per minute, until signs and symptoms of flushing, heat, 
and substernal compression were observed. Bloods were drawn during the 
period of maximal effect from the antecubital vein of the opposite arm, and in 
no instance was a true acetylcholine effect noted (Fig. 3). 





Fig. 1C.—The effective inhibition of the acetylcholine response with mytolon chloride. 


3. Asthmatic Subjects: One hundred and fifty-seven biood samples in pa- 
tients with chronic bronchial asthma were obtained. Similar to the demon- 
stration in the control experiments (Fig. 4), no evident cholinelike responses 
were shown, as demonstrated in Fig. 5. In addition, a single blood sample 
drawn at the height of a histamine-induced asthmatic attack revealed no 
acetylcholine effect. Similarly, as was noted in the normal group, an effect on 
amplitude but not on rate was seen when whole blood or red blood cells were 
studied. This also was not blocked by mytolon chloride. 

In an effort to rule out the cause of any excitation or depression due to 
substances that were used in the experiments and which might alter the results, 
a series of tests were made with various substances: Histamine 1 x 10°° mg. per 
milliliter, epinephrine 1 x 10°° mg. per milliliter, potassium chloride 0.004 mg. 
per milliliter, and a suspension of macerated human platelets were studied. All 
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caused excitation of the heart preparations. However, this was abolished by 
pretreatment with lysergic acid diethylamide or DHE 45, and no change in rate 
or amplitude was then evident. Sodium chloride, 0.9 per cent, 0.05 N sodium 


1 ml. of WHOLE BLOOD 


Fig. 2A.—The effect of whole blood showing resultant decrease in amplitude, but without 
comparable decrease in rate. 


ACH 1x10712 mg, _)_ <= 


WHOLE BLOOD 


Fig. 2B.—The effect of mytolon chloride, showing complete inhibition of acetylcholine, but 
failure to block the effect of whole blood. 


hydroxide, Prostigmine 1:4,000, 0.1 N hydrochloric acid, and dilute potassium 
oxalate, all used in the procedure, likewise caused no change and thus introduced 
no difficulty in interpretation. 
DISCUSSION 
Since 1940 when Prosser?’ first demonstrated the unusual sensitivity of the 
isolated heart of Venus mercenaria to acetylcholine, this preparation has been 
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“BLOOD DRAWN PRTOR| BLOOD DRAWN 14 SECONDS 
TO ACH INFUSION | AFTER INFUSION STARTED 





BLOOD DRAWN 70 SECONDS 
: AFTER 


Fig. 3.—The effect of plasma drawn prior to and following the slow infusion of 25 mg. of 
acetylcholine in a concentration of 2 mg. per milliliter. 


Fig. 4.—The effect of unheated and heated plasma and serum from normal subjects. 
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extensively employed. In certain respects it is superior to the classical acetyl- 
choline assay preparations such as the dorsal muscle of the leech, the rectus 
abdominis of the frog, the isolated frog heart, and the blood pressure response 
of the cat. The advantages of this method, which have been described,’® are its 
great sensitivity to acetylcholine; its relative insensitivity to changes in pH, to 
inorganic ions, and to tissue constituents other than acetylcholine; and the 
rapidity with which the preparation recovers after washing, which permits re- 
peated determinations in a short space of time. The availability of Venus 
mercenaria, especially in winter months, and the use of natural sea water as the 
perfusion fluid are additional advantages. 


Fig. 5.—The effect of plasma (1 ml.) from 4 patients with bronchial asthma. 


It seems evident upon review of the previous work reported on this aspect 
of bronchial asthma’ that possibly some of the kymographiec evidence pre- 
sented should not have been ascribed to acetylcholine or cholinelike products. 
These observations prompted us to use the various chemicals described above 
in an effort to better delineate the results obtained and to attempt to eliminate 
ali cause for error of interpretation, even though our basic bioassay method 
was unchanged. It has been shown that epinephrine, norepinephrine, tyramine 
and histamine are excitatory in relatively high concentration, whereas low 
concentrations of 5-hydroxytryptamine and ergot alkaloids have a similar 
effect. Lysergic acid diethylamide contains the indole structure and may be re- 
garded as a complex analogue of 5-hydroxytryptamine. Because it is highly 
stable and is adsorbed easily to cell surfaces, it stimulates the heart preparation 
maximally. It thereby eliminates excitatory effects produced by the samples 
undergoing test, yet it in no way interferes with the depressor response induced 
by acetylcholine. All the heart preparations, therefore, were treated with either 
DHE 45 or lysergic acid diethylamide. 

Mytolon chloride has proved to be most useful in the work herein 
deseribed. Substances with two carbonyl groups, such as barbituric acid or 
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mytolon chloride, apparently inhibit the action of acetylcholine by attaching 
to the acetylcholine receptor molecule and thereby blocking the nicotinic action 
of acetylcholine, the only action evident in Venus mercenaria.** Accordingly, 
atropine, which blocks only the muscarinic effect, does not inhibit the depressor 
effect of acetylcholine on the clam heart.*4 Depressor effects which persist after 
treatment of the clam heart with mytolon chloride, therefore, must be substances 
other than acetylcholine or cholinelike material. Unless a highly specifie block- 
ing agent for acetylcholine such as mytolon is used, difficulties will arise in the 
interpretation of depressor responses obtained by this method. Thus the de- 
pressor effect of red cells or whole blood as observed in our studies, clearly not 
cholinelike in character, might easily lead to an erroneous conclusion concerning 
the presence of acetylcholine in the blood. Whether or not this has been a source 
of confusion in the past is not clear, but it may account for the lack of accord 
between our results and those of Vorhaus, Scudamore, and Kark.’° These 
workers tested serum, not whole blood, but they mention no measures taken to 
guard against damage to cells which might bring about the release of depressor 
substances (which the cells appear to contain). 

The nature of the acetylcholine-cholinesterase system in the blood is such 
as to effectively prevent persistence of a cholinelike substance in the blood 
stream. Were such present, it would undoubtedly manifest itself by symptoms 
of cholinergic overactivity. Support for this statement will be found in studies 
in which acetylcholine was given intravenously in doses of 20 mg. per minute. 
During the period when symptoms of flushing, heat, and chest constriction 
were evident, plasma obtained from blood drawn from the antecubital vein 
failed to depress either the rate or amplitude of the clam heart. If circulating 
acetylcholine could not be demonstrated under these circumstances, it would 
indeed be unlikely that detectable levels would oceur in the absence of overt 
and extreme parasympathetic overactivity. Stewart has shown that after 
lethal doses of an effective anticholinesterase (tetraethyl pyrophosphate) in 
animals, the acetylcholine content of the brain tissue was increased. In one 
Rhesus monkey, only after overwhelming doses of the agent was acetylcholine 
measurable in the blood stream.”° It appears, therefore, that entirely un- 
physiologic doses are required to bring about measurable acetylcholine levels 
in the blood by the method used. 


SUMMARY AND CONCLUSIONS 


1. The blood of 28 asthmatics and 28 normal controls was assayed for 
acetylcholine on repeated occasions, utilizing as a test organ the isolated heart 
of the bivalve molluse Venus mercenaria. The advantages of this method are 
described. 

2. Multiple determinations on 231 blood samples failed to show any activity 
characteristic of acetylcholine in the whole blood, plasma, or serum of asthmatic 
subjects and normal controls. 

3. Whole blood or red blood cells applied to the heart preparation caused 
a decrease in amplitude of the heartbeat but little change in rate. This effect 
could not be attributed to acetylcholine. 
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4. Blood samples drawn from subjects receiving an intravenous injection 
of a solution of acetylcholine failed to demonstrate any true cholinelike response. 

5. Utilizing this bioassay technique, we could not find any humoral evidence 
of parasympathetic predominance in bronchial asthma. 


We would like to extend our appreciation to Professor John H. Welsh, of the Depart- 
ment of Biology, Harvard University, for his encouragement and assistance. 
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COMPARATIVE STUDIES WITH 18 STRAINS OF HISTOPLASMA 
MorPHOLOGY IN TISSUES AND VIRULENCE OF AFRICAN AND AMERICAN STRAINS 


Epovarp DrouHEtT,* M.D., AND JAN ScHwarz, M.D. 
CINCINNATI, OHIO 


N VIEW of the lack of pertinent data, it was felt that a large number of 

strains of Histoplasma should be compared. In general, mice are used for 
virulence studies, but it was shown that the hamster is much more susceptible 
than the mouse.® ®&* 1%»14 Quantitative data were for this reason obtained in 
comparing the virulence in hamsters and mice. The use of an animal which 
would constantly and rapidly develop lethal disease is very important for 
evaluation of therapeutic results. The hamster seems to offer such conditions.*° 
Little was known about the comparative pathology of experimental histo- 
plasmosis since many different strains and two different animal species were 
used, 

Another point which induced us to start this investigation was the desire 
to clarify whether an African species could be separated from the classical 
Histoplasma capsulatum by morphologic and biologic methods, since histo- 
plasmosis with large forms was reported in African human and animal 
cases.*» 3a, 4, 5, 10, 17, 19 

Eighteen different strains of Histoplasma were available for cultural and 
virulence studies. The source of the strains was as given in Table I. 


METHOD 


All strains were maintained on Sabouraud’s glucose agar and transformed on Kurung’s 
egg medium into the yeast phase. After ten days, suspensions were made in 0.85 per cent 
physiologic saline solution and hamsters and mice were injected within a few hours. Counts 
were made in the hemocytometer, and a final dilution of 40 to 60 million of yeast cells per 
milliliter was obtained. All animals were injected intraperitoneally with 0.5 ml. of the 
suspended yeast cells. The initial weight of the male hamsters was 25 to 30 grams, of the 
male Swiss white mice, 18 to 20 grams. The animals were kept in glass jars in groups of 5. 
After eight weeks the suriving animals were sacrificed, cultures and vital organs for micro- 
scopic study were taken. The organs were fixed in 10 per cent Formalin and stained with 
hemotoxylin-eosin and Gridley stain,12 routinely. The animals found dead during the ex- 
periment were treated the same way. 


RESULTS 


The mortality rate of hamsters and mice showed a striking difference. 
Graph I gives information on comparative mortality between mice and ham- 
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sters. Graph II shows results obtained with strains 27 and 19 on hamsters. 
Strain 407 (Histoplasma farcinimosum), the 18th strain, was not lethal to any 
of the animals. 


TABLE I. MoRPHOLOGIC CHARACTERS OF 18 STRAINS OF HISTOPLASMA USED IN THIS STUDY 




















MYCELIAL PHASE* YEAST PHASEt 
SPORES CELLS 
ORIGIN AND SOURCE OF STRAIN TUBERCULATE MICRO| SMALL LARGE 
American 
5 ‘*Soil’’ water tower, Cincinnati +++ ++ +++ + 
18 Acute lethal human histoplasmosis, + +++ +++ + 
Cincinnati 
19 Subacute lethal human histoplasmosis, + +++ +++ - 
Cincinnati 
20 Dog, arrested pulmonary foci, Cincinnati + +++ +++ zs 
27 Dog, disseminated lethal disease, Cincinnati ++ +++ +++ a 
31 Chronic cavitary pulmonary histoplasmosis, et or: saan + 
Cincinnati 
35 Chronic cavitary pulmonary histoplasmosis, +++ +++ +++ : 
Cincinnati 
63 Chronic cavitary pulmonary histoplasmosis, ++ ++ +++ a 
Cincinnati 
65 Subacute lethal human histoplasmosis, +++ +++ +++ a 
Cincinnati 
69 Pulmonary (benign) infiltrate, Cincinnati +++ + +++ 0 
6617 Spotted skunk, Georgia (Dr. Emmons) as ++ ++ ++ 
6621 Human strain, Georgia (Dr. Emmons) is +++ ++ ++ 
2764 Soil, Virginia (Dr. Emmons) +++ + +++ 0 
African 
261 Generalized human chronic histoplasmosis, + ++ +++ + 
Africa 
6522 London School Hyg. & Trop. Med., human + ++ +++ + 
ease, Africa (Chertsey) 
6625 London School Hyg. & Trop. Med., human + ++ +++ ++ 
ease, Africa (Ross) 
44 Human localized histoplasmosis from Africa + ++ ++ ++ 
(Dr. Vanbreuseghem) 
407 H. farcinimosum from Burma via London, 0 +++ ++ ++ 
School Hyg. & Trop. Med. 





*Grown on Sabouraud’s dextrose agar and corn meal agar. 
7Grown on Kurung’s egg medium and blood cystin agar. 

+ very few cells 

+ few cells 

++ numerous cells 

+++ very numerous cells 


Without exception, hamsters proved to be much more susceptible to the 
infection with Histoplasma, Great variations were found between the different 
strains, apparently not related to the source of the organisms. Two soil strains 
(5,2764) were lethal far faster to hamsters than some strains isolated from 
disseminated human eases (18, 19). On the other hand, several strains of Histo- 
plasma capsulatum (35,44,261,6625) were not lethal at all. However, even 
without producing death, disease was present in all hamsters, as proved by 
culture and microscopic examination of tissues. This was not the case in all 
mice, 

Table II gives information on the presence of disease in the organs of the 
inoculated animals on microscopic examination of liver, spleen, lung, and heart. 
lt also informs on the presence of organisms in tissues on microscopy and on 
the results of cultures taken from liver and spleen. The difference in mortality 
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already delineated in Graph I becomes more impressive when it is seen that 
the inflammatory changes in the hamsters are very much more pronounced 
than in mice. The same holds true with positive cultures, even if cultures are 
frequently positive in animals which show little mortality and disease. Some 
of the African strains failed to produce disease in mice and the same was true 
with the American strains 31 and 6621. H. farcinimosum (strain 407) pro- 
duced minimal reaction of tubereuloid character in the peritoneum of one 
mouse and two hamsters. Organisms were numerous in these ‘‘tubercles,’’ 
but only one positive culture was obtained from a hamster. 

A considerable surprise was the frequent finding of large forms of Histo- 
plasma in the tissues, which formerly was thought to oceur only in African 
strains, and which had induced Vanbreuseghem to suggest the creation of a 
new species, Histoplasma duboisi."® 


TABLE II. RESULTS OF INOCULATION OF MICE AND HAMSTERS WITH HISTOPLASMA 








MICE HAMSTERS 


| MOR- | DIS- ORGAN- | CUL- MOR- | DIS- | ORGAN- | CUL- LARGE 
STRAIN | TALITY* | EASE ISMS | TUREt | TALITY | EASE ISMS TURE FORMS 
5 3/5 +++ +++ 5/5 5/5 +++ +++ 5/5 
18 0/5 (+) 5/5 2/5 +++ +++ 5/5 
19 0/5 (5) 5/5 5/5 ++ +++ 5/5 
20 0/5 +++ 5/5 5/5 +++ t+ 5/5 
27 1/5 +++ 5/5 25/25 +++ +++ 25/25 
31 0/5 - 5/5 5/5 +++ +++ 5/5 
35 0/5 3/5 0/5 ++ + 5/5 
5/5 4/5 ++ ++ 5/5 
5/5 5/5 +++ +++ 5/5 
3/5 5/5 +++ +++ 5/5 
5/5 5/5 +++ +++ 5/5 
5/5 5/5 +++ +++ 5/5 
5/5 5/5 ++ ++ 5/5 
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261 0/5 0/5 0/5 «+ 5/5 
6522 0/5 3/5 4/5 + 5/5 
6625 0/5 - 4/5 0/5 + 4/5 

44 0/5 (+) 0/5 0/5 (+) 1/5 


407 0/5 (+) (+4) 0/5 0/5 (+) (+) 1/5 


: Liver, spleen, lung, and heart were examined. The sections were stained with hematoxy- 
lin-eosin and with the Gridley stain. Generally liver and spleen gave a fair idea about the 
severity of the infection. 


o—smooth cells with thin wall 6-8 yw in size. 

(+)—minimal isolated lesions or extremely rare organisms. 
+—minimal lesions or rare organisms. 

+—moderate number of lesions or organisms. 
++—extensive lesions or goodly number of organisms. 
+++—severe diffuse lesions or very numerous organisms. 





Nominator _— *Number of dead animals 7Positive cultures 


Denominator Total number of animals Total number of cultures 





The large forms were found in the majority of strains in hamsters but in 
only one mouse. They occurred in great variation in reference to size, shape, 
and staining properties. 

These forms measure from 6 to 27y and stain in a very variable way with 
different dyes. With hematoxylin, sometimes uniformly deep-blue bodies with- 
out structure are seen. In other forms, a laminated onionlike picture is ob- 
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Fig. 2. 


Fig. 1.—Strain 19. Liver of hamster. Numerous small forms in histiocytes and two 
large forms. One appears as a dark undifferentiated dot; the other shows the laminated 
structure characteristically found in this animal species after inoculation with American 
and African strains. - (Hematoxylin-eosin, 650; reduced 144. Isolate from Cincinnati, Ohio.) 

Fig. 2.—Strain 19. Spleen same animal as before. Numerous small forms in swollen 
histiocytes. In the center, a large form, apparently budding, with a capsule which follows 
the outline of the indented organism. Notice similarity to B. dermatitidis. (Hematoxylin- 
eosin, X650; reduced 4.) 
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Fig. 3.—Strain 18. Liver, in every respect identical large forms, produced in hamsters 
by American strains. Gridley stain. Notice the small forms in the periphery close to the 
right border, isolate from Cincinnati, Ohio. (950; reduced 4.) 

Fig. 4.—Strain 44. Large forms in giant cell in tubercular structure in the spleen of 


hamster. Notice the concentric arrangement of the organisms. Hematoxylin-eosin, isolate 
from Africa. (650; reduced 4.) 
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Fig. 6. 


Fig. 5.—Strain 44. Tuberculoid nodule in spleen. Three very large forms of the or- 
ganisms are in the center and show typical onionlike structure. In the center, small cells 
are seen which in size and shape and in view of buds seem to represent yeast cells. The 
concentric structures may possibly represent a capsule. Small forms are scattered through 
the nodule (arrows). Two large forms with gelatinous-appearing envelope, left lower half 
of picture. (x650; reduced 4.) 

Fig. 6.—Strain 44. The same strain which produces large forms in the hamster has ex- 
clusively small forms in the mouse. Gridley stain. (650; reduced 4.) 
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Fig. 7.—Strain 407. H. farcinimosum produced small histiocytic nodules in the peritoneum 
of a mouse. Hematoxylin-eosin. (650; reduced 4.) 

Fig. 8.—Strain 407. (H. farcinimosum) small yeast cells are found with the Gridley 
stain in tuberculoid nodule in the splenic hilus shown in Fig. 7. 
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served. Buds sometimes seem to be present. In the laminated structures, small 
bodies are often seen in the center; they have the approximate size of 2 to 5p 
and are either round or ovoid in shape and sometimes seem to be budding. With 
the Gridley stain,!? the separate layers are much more differentiated and gen- 
erally stained pale purple. Sometimes the entire structure has an opaque, 
slightly pinkish appearance and in such forms no lamination is seen. 

These large forms were found especially in the liver and in intraperitoneal 
exudate. In the spleen and other organs, they were only rarely seen. Some 
of the large cells are solitary ; others occur in groups; some are found in giant 
cells or within a granulomatous lesion ; others are lying in the tissue, apparently 
producing little reaction. Frequently, small forms of typical size and shape 
are found in the same section or microscopic field. The number of large forms 
varies from rare ones, discovered only after extensive search, to huge amounts. 

Comparison of the large forms seen in a human ease from Africa with the 
cells seen in hamsters on the one hand, and comparison of the forms obtained 
in hamsters inoculated with African and American strains show identical 
features as far as size, shape, and staining properties go. Attempts failed to 
separate morphologically the strains from the appearance in tissues. 

Parallel experiments with mice which were injected at the same time and 
with the same yeast cell suspension as the hamsters were entirely negative as 
far as production of large forms go, except for one mouse inoculated with 
strain 5 which had a few large forms in the liver. All strains produced small 
‘*elassical’’ Histoplasma yeast cells in mice and hamsters, including the African 
strains (6522,6625,261, and 44). Large forms were found in the livers of 
hamsters inoculated with 13 different strains, in 8 spleens and in the peritoneum 
of 10. In the lungs, large cells were exceptional (Figs. 1-8). 


DISCUSSION 


Several observations seem of considerable interest. The hamster proved 
to be an animal which was much more susceptible to histoplasmosis than the 
mouse. Mortality occurs within a relatively short period, which renders this 
animal ideal for use in therapeutic experiments. It was not unusual to find 
5 or more dead animals in one day (compare Graph Ii). 

The hamster was also almost the sole producer of large forms which had 
been heretofore associated only with African strains. Catanei,® ** in 1945, 
was the first to describe large cells of 6 to 12.54 in a subeutaneous abscess in an 
African Negro. Subsequently, several other reports* *'° 17 appeared and in 
1952 Vanbreuseghem’® introduced a new species which he ealled H. duboisit. 
All these African strains are identical with Histoplasma capsulatum in the 
mycelial phase, grossly and microscopically. The yeast phase, however, contains 
large cells in addition to the ‘‘classical’’ small forms. 

However, this in our experience® is not an exclusive characteristic of the 
Afriean strain. We have observed variable amounts of large cells in the 
yeast phase of American strains isolated from patients from different parts of 
the United States. 
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In tissues, we found large forms in hamsters inoculated with American 
and African strains. Frequently, the number of large forms in animals in- 
oculated with American strains was enormous. Large forms of Histoplasma 
capsulatum have been occasionally observed in the tissues of American pa- 
tients) 2, 75, 15, 28 

In tissue explants, large forms were obtained (up to 20u) which had, 
in general, thinner walls than the forms seen in the hamsters of our experi- 
ment.?® However, isolated large forms were seen in the explants which would 
be indistinguishable from the organisms seen in hamsters or in tissues from 
African patients. On the other hand, large forms with thin walls were also 
occasionally observed in tissues of hamsters and mice. 

The presence of large forms in tissues of non-African patients and the 
experimental production of such forms indicate the great variability of the 
parasitic phase of Histoplasma capsulatum. 

The mycelial phase is quite stable and shows only differences in the 
quantitative relationship between macro and microspores. In the yeast phase, 
however, large variations of size (lp to 174) and shape (round to ovoid to 
pyriform) are found. This in part may indicate the tendency of the parasitic 
phase to convert into the more stable mycelial phase. 


Histoplasma capsulatum shows considerable variation of morphologic and 
biologie characteristics. In the mycelial phase, great differences in the number 
of specific spores were observed.® In the yeast phase, likewise, the proportion 
of large to small forms varies hut does not seem to indicate the need for separ- 
ation of a distinet species.*” 

Mortality of hamsters was obtained with some African strains (in this 
experiment, strain 6522, formerly with strain 261)** whereas other strains 
were not lethal but produced disease (strains 44,6625) in hamsters. Here it 
must be mentioned that one American strain (35) did not produce lethal disease. 


Histoplasma farcinimosum (S407) did not produce tuberculate spores, 
grew very slowly, and required the presence of amino acids. In the yeast 
phase, it was not lethal to either hamsters or mice, but small granulomatous 
lesions containing small yeast cells of about 2» size were found in the peri- 
toneum of one mouse and two hamsters. 

Obviously isolated large forms (without accompanying small ‘‘classical’’ 
cells) may lead to differential diagnostic considerations. Blastomyces der- 
matitidis and, to lesser degree, Cryptococcus neoformans ean be mistaken for 
such forms in tissues. On the other hand, ‘‘dual’’ infections may represent 
just variation in size of Histoplasma.2° The importance of cultural proof 
ean be hardly overemphasized. 


SUMMARY 


1. A comparison of American and African strains of Histoplasma. cap- 
sulatum revealed great variations not only in the morphology and growth rate 
but also in virulence. 
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2. Mortality was always much more pronounced in hamsters; of 17 strains 
of Histoplasma capsulatum, 13 killed hamsters after intraperitoneal injection 
of the yeast phase with generalized infection. Only 4 strains produced death 
in mice under the same conditions. 

3. Histoplasma farcinimosum was not lethal to any of the animals but 
produced small ‘‘tubercles’’ in the peritoneum of animals. 

4. Death in hamsters inoculated with virulent strains occurs in a relatively 
short time as a consequence of disseminated disease, which makes this species 
very desirable for therapeutic experiments. 

5. Of 13 American strains of H. capsulatum, only one was not lethal for 
hamsters in the conditions of these experiments; of 4 African strains, only 
one was lethal but all produced disease in hamsters. 

6. Highly virulent strains (5,20,27,31,63,2764) killed animals within three 
weeks, but other strains required considerably more time or were not lethal 
at all. 

7. Large forms measuring 6 to 27y, similar to the organisms observed in 
African human and animal histoplasmosis were found in 12 American and 3 
African strains in hamsters. 

8. From this comparative study, it is concluded that Histoplasma capsu- 
latum oceurs with great variation of morphology, cultural characteristics, and 
virulence; at present there seems to be no safe way to recognize a separate 
species. 
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LABORATORY METHODS 


THE BIOLOGIC ASSAY OF L-METHIONINE USING A MUTANT OF 
BACT. COLI STRAIN K-12 
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LONDON, ENG. 


HE liver plays an important part in protein and amino acid metabolism. 

The function of methionine in experimental hepatic necrosis (Himsworth’) 
and its metabolism in patients with liver disease (Kinsell and associates’) 
have been investigated particularly carefully. Many patients with liver disease 
have a high fasting plasma methionine level and are unable to metabolize 
methionine. In this paper, a new method for the estimation of L-methionine 
in plasma is described employing a methionine-requiring mutant of Bacterium 
coli Strain K-12. 

Certain mutant strains of Bact. coli K-12 (mutants 58/161 and J°-*) em- 
ployed in work on genetic recombination, unlike typical Bact. coli strains, ean- 
not grow in a basic synthetic medium containing only glucose and ammonium 
salts as source of carbon and nitrogen, respectively. Mutant 58/161 requires 
L-methionine and mutant J°** requires both L-methionine and L-proline for 
growth, and these amino acids must be added to the medium. Sinee as little 
as 5 we per milliliter methionine promotes good growth of the mutants in syn- 
thetic fluid medium, whereas 0.5 ype per milliliter still allows the develop- 
ment of a visible turbidity, these mutants appeared to be suitable for the 
estimation of methionine levels in the blood. With limiting concentrations of 
methionine, the amount of growth (judged nephelometrically) is proportional 
to the methionine concentration. 

As the methionine-requiring mutant will grow in the absence of methionine 
if plasma proteins are present, a protein-free extract of the plasma must be 
used for assay. Dilutions of this extract are made in fluid synthetic medium, 
a small inoculum of washed bacteria is added to each, and the tubes are in- 
cubated at 37° C. At the same time, a set of standard tubes containing known 
concentrations of methionine are similarly set up and incubated. After ineuba- 
tion, the turbidity of each culture is compared with the standard series in a 
photoelectric nephelometer. 

METHOD 
1. Strains of Bacterium coli Employed.—The tL-methionine-requiring strain of Bact. 


coli K-12, mutant 58/161, was principally used in this work. It was found, however, that 
its requirement for methionine could be fully satisfied by either homocysteine or cystathionine, 
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which constitute prior stages in methionine synthesis so that the biochemical block in this 
strain arises before the cystathionine stage. The following amino acids and growth factors 
were investigated to see whether they could support growth of this strain in the absence 
of methionine: cysteine, threonine, alanine, proline, aspartic acid, glycine, tryptophane, 
norleucine, glutamic acid, isoleucine, vitamin B,,, choline, calcium pantothenate, para-amino- 
benzoic acid, and adenine. 

None of these substances was found to be capable of replacing methionine in support- 
ing growth. Recovery and dilution experiments strongly suggested that the methionine pre- 
cursors cystathionine and homocysteine were not present in biologic fluids in significant 
amounts. This was confirmed by repeating some of the assays with another mutant strain 
of Bact. coli K-12 (J5-3) which requires both methionine and proline. Work on genetic 
recombination (Clowes and Rowley?) had suggested that in this strain the mutation to 
methionine-dependence had occurred at a different genetic locus from that of mutant 58/161. 
This suggestion was supported by the finding that homocysteine and cystathionine could 
not substitute for methionine in promoting growth of this mutant, nor could cysteine, vita- 
min B,., aspartic acid, or adenine. Results of assays with the two strains were very similar, 
thus confirming that homocysteine and cystathionine are not normally present in the plasma 
in amounts which could interfere with the assay of methionine by mutant 58/161 of Bact. 
coli K-12. 

2. Preparation of Inoculum.—An overnight broth culture of the assay strain was 
washed three times in 0.85 per cent sodium chloride and resuspended to the original volume 
in saline. One drop of this suspension (0.02 ml.) was used to inoculate the 10 ml. of medium 
in each assay tube. 

3. Mediwm.—The medium employed had the following constitution: 


Na, H PO, 7 Gm. 
kK PO, 3 Gm. 
Mg. SO, (10 per cent soln.) 0.1 ml. 
N H, Cl 1 Gm. 
Dist. water to 1,000 ml. 


The pH was adjusted to 7.2 and the medium sterilized by autoclaving. Before use, 
1.25 ml. of sterile 20 per cent glucose solution was added to each 100 ml., giving a final 
glucose concentration of 0.25 per cent in the medium. 

For assays employing strain J5-3, 20 mg. of L-proline was added to each 1,000 ml. of the 
medium. 

4. Preparation of a Standard Curve.—Tubes were prepared containing 10, 5, 4, 3, 2, 1 
and 0.5 wg per milliliter of L-methionine in 10 ml. medium. After inoculation with the test 
organism, the tubes were incubated at 37° C. for forty-eight hours and the turbidity of 
each tube measured with a photoelectric nephelometer.* The turbidity in arbitrary units 
was then plotted against the concentration of L-methionine in wg per milliliter. Between 
0.5 wg per milliliter and 5 wg per milliliter there is virtually a linear relationship (see 
Fig. b). 

5. Deproteinization of Plasma.s—Eleven and two-tenths milliliters of distilled water 
was added to 8 ml. of plasma in a bottle. This was then stoppered, shaken, and 2.8 ml. 
of 0.6 N H, SO, added slowly with mixing, followed by 2 ml. of 10 per cent sodium tungstate. 
The plasma was therefore diluted 1 in 3 in the preparation of a protein-free supernatant. 

The bottle was then shaken for two to three minutes and centrifuged. The protein- 
free supernatant was pipetted off and used for the methionine assay after adjustment of 
the pH to 7.2 and sterilization by boiling for two minutes. 

6. Preparation of Assay Tubes.—As the turbidity is proportional to the methionine 
concentration only over a limited range, several different dilutions of the supernatant were 

*An “EEL” photoelectric nephelometer (made by Evans Electroselenium Ltd., Harlow, 
Essex, England) was used which measures, on an arbitrary scale, the amount of light reflected 
by the bacteria in the suspension. In order to obtain comparable readings, the instrument 


was adjusted each day so that a turbidity standard (known to be equivalent to 3.6 mg. of 
protein nitrogen of Bact. coli K-12) read 100 arbitrary units, 
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usually made in the basal medium. With low concentrations of methionine, such as are 
found in the fasting state, 5 ml. of plasma supernatant was added to 1 ml, of ten times 
concentrated synthetic medium and the total volume made up to 10 ml. with distilled water. 
Thus, the final dilution of the supernatant in the medium was 1 in 2. With higher methionine 
concentrations, 1 ml. or 0.5 ml. of plasma supernatant was added to 9 or 9.5 ml. of the 
synthetic medium, giving a dilution of the supernatant in the medium of 1 in 10 or 1 in 20. 

7. Calculation of Plasma Methionine Concentration—From the standard curve, the 
methionine concentration in micrograms per milliliters in one of the dilutions of the super- 
natant set up was determined. This figure was then multiplied by the dilution factor of 
the supernatant in the medium of the particular tube used, and also by three, which is the 
dilution of the original plasma in the protein-free supernatant. 


Thus: Methionine concen- Methionine concentration in Dilution of supernatant 
tration in wg per milliliter — the test tube read off the x in the medium x 3 
of the original plasma standard curve 


TURBIDITY IN ARBITRARY UNITS. 
1OOunits = 36mg. of protein nitrogen 
per tO Oni 


1405 


120; 





80; 
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CONCENTRATION OF L-METHIONINE in g/ml 
Fig. 1.—Standard curve of growth in arbitrary turbidimetric units as related to concentration 
of L-methionine in medium. 


RESULTS 
1. Recovery Experiment.—The t-methionine in normal plasma and in the 
same sample of plasma to which 100 pe per milliliter of L-methionine had pre- 
viously been added was estimated. 
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2. L-methionine Levels in Patients With. Cirrhosis of the Liver.—Ten grams 
of pL-methionine was given daily for two to six days to 9 patients with cirrhosis 
of the liver. The t-methionine morning plasma levels varied from 9 to 
69 pg per milliliter before the administration of methionine. They rose to 20 
ue per milliliter, or above, in every patient receiving this amino acid. In one 
case, after six days a level of 375 pg per milliliter was reached. 

In a series of 10 parallel estimations of a single specimen, the average read- 
ing was 43.1 arbitrary units and the standard deviation + 2. 


DISCUSSION 


Although quantitative chromatographic methods for the estimation of 
amino acids in biologie fluids have recently been developed (for example, column 
chromatography by Moore and Stein,® and paper chromatography by Smith and 
Tompsett®), microbiologic methods probably remain more specific and sensitive 
than chemical estimations (Wheeler and Gyorgy’). The usual microbiologic 
methods employ Streptococcus faecalis (Stokes and co-workers*) or Leuconostoc 
mesenteroides Peo for L-methionine and Lactobacillus fermentans 36 for pL-methi- 
onine (Kinsell and associates’). All these organisms require complex synthetic 
media for assay. 

The Bact. coli mutants used in this method require L-methionine for 
erowth. Except for eystathionine and homocysteine, which ean replace this 
amino acid as an essential growth factor for strain 58/161, none of the amino 
acids, B vitamins, and growth factors tested could replace methionine in pro- 
moting growth. Both strains gave very similar results, and it is concluded that 
eystathionine and homocysteine are not present in the plasma in amounts suf- 
ficient to invalidate this assay method. 

The medium used in this method is much simpler than that required by 
the other test organisms. There appears to be no reason why other amino 
acids and B vitamins should not be assayed by a similar method using Bact. 
colt mutants. 

The results obtained by this method are very similar to those of Kinsell 
and associates? who administered 9 Gm. of pL-methionine daily, as compared 
to 10 Gm. in the present series. Using Leuconostoc mesenteroides Poo, they 
found that elevation of the fasting level to above 20 ug per milliliter occurred 
in all patients with liver disease, but not in normal subjects. The present in- 
vestigation thus confirms that methionine utilization is impaired in patients 
with cirrhosis of the liver. 


SUMMARY 


A microbiologic method for the assay of L-methionine in plasma, using a 
methionine-requiring Bact. coli mutant, is described. The medium used is much 
simpler than that required by other test organisms. The method has been 
applied to the investigation of the abnormal methionine metabolism in patients 
with cirrhosis of the liver. 

It is suggested that other amino acids and B vitamins might be assayed 
using Bact. coli mutants. 
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AN ARTIFACT IN THYROXINE CHROMATOGRAPHY 
USING DIOXANE 
CHARLES A. OWEN, JR., M.D., BERNARD FI’. MCKENzik, M.S., AND 
ALAN L. Orvis, PH.D. 
ROcHESTER, MINN. 


a... and associates! found an unexpectedly large iodide’**? component 
when they subjected radioiodinated thyroxine to chromatography with 
collidine and water (in a ratio of 100:35.5) in an atmosphere of ammonia. 
Stanley? noted deterioration of iodinated tyrosines when heated to 105° C. 
with 2N sodium hydroxide. We wish to report the degradation of thyroxine 
that has been exposed to dioxane which has not been freed of its peroxide im- 
purities. 
MATERIALS AND METHODS 


Chromatography.—The ascending paper technique of Gross and co-workers? was used, 
employing a mixture of n-butanol and dioxane (4:1) equilibrated with five parts of 2N 
ammonium hydroxide. The dried strips of paper were scanned by a Geiger-Miiller mica-window 
tube, with automatic recording of the radioactivity. Certain strips were taped to “no-sereen” 
(Kodak) x-ray film for ten days; the film was then developed for the identification of zones 
of radioactivity. 

Column chromatography employing kieselguhr, based on the method of Gross and Pitt- 


Rivers4 as modified by Braasch and co-workers5 was used also. It consists of (a) the supernate 
from a mixture of n-butanol, chloroform, and 0.5N sodium hydroxide (4:1:5) as a solvent for 
thyroxine, triiodothyronine, and iodide, and (b) the supernate from a mixture of n-butanol, 
n-propanol and 0.5N sodium hydroxide (9:1:1) as a solvent for the tyrosines. The effluent 
from the column was carried through a small-bore tube across the end of a sodium iodide 
(thallium-activated) scintillation crystal; the counting of gamma rays so detected was recorded 
on calibrated paper so that areas representing the integrated radioactivity could be 
determined by planimetry. 

Dioxane.—Stock bottles of 1,4-dioxane were found to contain variable amounts of 
peroxide: namely, 0.09, 0.12, and 0.20 molar, respectively, from a newly purchased bottle, one 
«a few years old, and one that was probably more than fifteen years old. A portion of the 
oldest supply was distilled to obtain both a peroxide-free dioxane and a concentrate of the 
impurity (1.17 M). We considered it unsafe to concentrate further because of the possibility 
of explosion. The oily concentrate released iodine from sodium iodide explosively; when 
mixed with thyroxine, it disorganized the molecule into several chromatographically un- 
recognizable parts. 

Radiothyroxine.—1131-labeled thyroxine, dissolved in 50 per cent propylene glycol, was 
used in these studies.* 

RESULTS 


Stock dioxane was used in our early attempts to purify commercial radio- 
thyroxine by paper chromatography. The solution of thyroxine was applied 
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to strips of Whatman No. 1 paper, dried and chromatographed with the 
butanol-dioxane-ammonia solvent. The region to which thyroxine migrated 
was eluted with a small amount of n-butanol and rechromatographed. How- 
ever, iodide, as well as other radioactive components, appeared on the second 
strip of paper. Further chromatographic ‘‘purification’’ continued to yield 
small amounts of radioiodide. When this procedure was repeated with 
peroxide-free dioxane, the thyroxine appeared as the only component on the 
chromatogram. 


Origin Solvent front 


. | 




















l 


ee ae 








Fig. 1.—Tracings of the radioactivity on paper chromatograms.  I1*!-labeled L-thyroxine 
was applied at the solvent front of all four papers; A and B were chromatographed for 8% 
hours with butanol-dioxane-ammonia, C and D for 16 hours. The dioxane in the solvent used 
for strips A and C was freed of peroxides by distillation, whereas that for B contained 0.09 M 
and for D contained 0.20 M. 

Kig. 1 illustrates typical results. .A and C show the distribution following 
chromatography for periods of cight and one-half and sixteen hours, respectively, 
of radiothyroxine in the presence of purified dioxane; B and D show the distribu- 
tion at the same intervals of time when impure specimens of dioxanes were used. 
The zone of thyroxine in B is still prominent but smaller components have 
appeared on either side; they have the mobility of triiodothyronine (faster 
moving) and iodide. In D, the thyroxine is seen to have almost disappeared and 
the zones of triiodothyronine and iodide are predominant. In other chromato- 
grams, no clear division of degraded products was seen; it appeared as if con- 
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tinuous breakdowns were occurring during the chromatographic process. Similar 
patterns were obtained with commercial I**!-triiodothyronine, which gave a con- 
tinued appearance of iodide as well as slower-moving components (tyrosines?). 


Fig. 2 compares autoradiograms of paper chromatographic strips; butanol 
extracts of serum from a patient who had received a therapeutic dose of radio- 
iodine for the treatment of a malignant lesion of the thyroid were used. Fig. 
2, A is a reproduction of x-ray film exposed to the paper that was chromato- 
graphed with purified dioxane; it shows a large zone of thyroxine, a fainter zone 
of iodide and an unidentified spot at the solvent front. In B, with impure 
dioxane in the solvent, a series of unidentified opacities resulted. 


Origin . : : ee | Solvent front 


Fig. 2.—Autoradiographs of radioactivity on paper chromatograms. Acid-butanol ex- 
tracts of serum were applied to both papers; the dioxane portion of the solvent for A was 
free of peroxide, whereas that for B contained 0.20 M peroxide. The serum was obtained from 
a patient with thyroidal carcinoma 3 days after a therapeutic dose of radioiodine. 


TABLE I, PER CENT OF TOTAL RADIOACTIVITY IN EACH FRACTION DETERMINED BY COLUMN 
CHROMATOGRAPHY (KIESELGUHR) OF [131-LABELED THYROXINE TREATED WITH DIOXANE 
CONTAINING VARYING AMOUNTS OF PEROXIDES 








FRACTION IN EFFLUENT FROM DIOXANE, AMOUNT OF PEROXIDES 
COLUMN* | 0.09 M 0.20 M 
85.2 67. 
4.0 
6.9 
2.6 
0.6 
0.2 
0.5 
*The components in the effluent were not identified but agreed with the mobility of known 
compounds added to comparable columns. 


*This is a radioactive component appearing in the effluent when the solvent was changed 
from butanol-chloroform to butanol-propanol. 


tThis represents the residual radioactivity of the column as flushed out with water. 








Thyroxine 
Triiodothyronine 
Todide 

Solvent changet 
Diiodotyrosine 
Monoiodotyrosine 
Residuet 
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Table I lists the radioactive components derived from I'*'-labeled thyroxine 
that was mixed for several hours with dioxane containing various concentrations 
of peroxides. Chromatography was through a column of kieseleuhr. The com- 
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ponents are presumptive in that their mobilities agree with those of known com- 
pounds run through such a column, but they may not actually be the presumed 
ones, since use of a mixture of carrier-free iodide! with dioxane impurities also 
led to the appearance of several components in the column; these could hardly 
have been thyronines or tyrosines. If certain of the degradation products of 
thyroxine are iodinated tyrosines, labeled at the 3 or 5 position, one must 
postulate an I'*7-I'*' exchange, since the thyroxine was labeled at only the 3’ or 5’ 
position. 

COMMENT 


The finding that peroxide impurities in dioxane can degrade thyroxine 
and triiodothyronine is not surprising since these peroxides have strong oxida- 
tive properties. However, a lack of awareness of this possibility may lead to the 
unjustified assumption that various substances that are not thyroxine are present 
in a solution of thyroxine. Even dioxane freed of peroxides must be viewed with 
suspicion. In one instance, peroxides developed in such a preparation to the 
extent of 0.014 M during a year’s time, although the material was kept frozen 
except when melted briefly for each actual use. Further, even with pure dioxane, 
chromatography requires a number of hours, and some degradation may occur 
during the process. As a result, the appearance of traces of triiodothyronine in 
the presence of a large component of thyroxine may not be valid. 

A study was made recently of radioactive iodine in the serum of 50 patients 
treated with radioactive iodine for hyperthyroidism or carcinoma of the 
thyroid. When butanol extracts of their serums were chromatographed on 


paper, small amounts of radioactivity practically always were present in the 
zone ascribed to triiodothyronine; in no case was this radioactivity enough 
to quantitate with any precision. In the light of a potential artifact with the 
dioxane solvent, we cannot be sure that triiodothyronine actually was present 
in more than traces in any instance. 


SUMMARY 


Thyroxine and triiodothyronine are readily degraded by the peroxides that 
tend to develop spontaneously in 1,4-dioxane. The resulting artifacts may be 
misleading in quantitative chromatographic analyses of thyroxine-containing 
solutions, such as serum, when dioxane is one constituent of the solvent. 
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A METHOD FOR PROTEIN-BOUND IODINE: THE KINETICS AND 
THE USE OF CONTROLS IN THE ASHING TECHNIQUE 
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N RECENT years the estimation of serum protein-bound iodine (PBI) has 

become an important adjunct to the tools available to the diagnostician in con- 
firming the existence of thyroid dysfunction. The PBI determination offers a 
more reliable and reproducible indication of thyroid function than the basal 
metabolic rate, which can be markedly affected by environmental and physiologic 
factors. 

Current methods for the determination of serum PBI have been deemed 
adequate. Nevertheless, in a control study conducted in this laboratory by 
Benenson, Thompson, and Klugerman,! an estimated error of approximately 20 
per cent was obtained by the ashing technique. This large error precluded the 
use of PBI determinations as a means of detecting borderline cases of thyroid 
pathology or for the purpose of therapeutic control. The requirements of an 
adequate method must not only include sensitivity to microquantities of iodide but 
also be capable of an accuracy, reproducibility, and a simplicity which would 
enable a technician with minimal technical ability to arrive at consistent results. 
With this in mind, the procedure at this laboratory was subjected to intensive 
scrutiny. 

Several different methods have been suggested for destroying the organic 
matter in order to set free the bound iodide. There are three techniques for 
protein digestion and preparation of the sample for iodide analysis which have 
found wide application in clinical laboratories: the oxidation-distillation of 
Chaney,? the wet-digestion of Zak, Willard, Myers, and Boyle,’ and the dry- 
ashing method of Barker, Humphrey, and Soley.t| Van Zyl> and Moran® have 
carefully studied the oxidation-distillation method, and O’Neal and Simms’ have 
evaluated the wet-digestion method. No similar effort has yet been made to 
study and possibly improve the dry-ashing sodium carbonate method. This tech- 
nique has certain inherent advantages over that of the wet-digestion process: less 
attention is required during digestion, there is less likelihood of encountering 
explosive mixtures, there is absence of such interfering oxidants as chromates, 
and smaller samples are required for processing. Moreover, Zieve, Dahle, and 
Schultz’ have reported that there is more discriminative effectiveness in border- 
line cases with the ashing technique. 
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The colorimetric technique sensitive to trace quantities of iodide was first 
described by Sandell and Kolthoff,? who studied the catalytic action of iodide 
on the ceric-arsenite system: 


2 Ce** + As** “a 2 Ce** + As** 


By measuring the time required for the complete decolorization of the ceric 
ion, they were able to show a linear relationship between reaction time and 
iodide concentration. Current methods found in the literature utilize this con- 
cept of the decolorization of ceric ion as effected by the iodide present but 
differ in the manner of estimating the concentration of iodide from the data 
obtained. With the advent of instrumental analysis, Salter and McKay,’® and 
Barker and associates‘ plotted log O.D. versus time, and Caraway" based a 
series of calculations upon the equation of a first-order reaction. 

It is our intent to demonstrate, by means of kinetic data, that the calcula- 
tions based upon the plot of log O.D. versus time or upon the equation of a 
first-order reaction are not quite valid because the concentration of ceric ion 
is not directly proportional to absorbance on instruments (other than the Beck- 
man DU) commonly used in the laboratory. 

A modification of Barker’s dry-ashing method for PBI will be presented 
in an effort to simplify, by standardization, a reliable test for evaluating the 
extent of thyroid dysfunction. The effects of variable ionic constituents on 
the catalytic system and methods of control to insure the maximum of accuracy 
and reproducibility will also be described. 


SECTION I 
MATERIALS AND METHODS 


The sample should be collected in chemically clean tubes. The use of tincture of 
iodine, or any form of iodine, when drawing blood from a patient is a source of error. 
Impurities in certain reagents may so alter the catalytic reaction that the range of 
linearity is adversely affected. Miscellaneous catalysts, such as osmium, accelerate the 
reaction rate; inhibitors such as fluorides, cyanides, and silver slow the reaction rate. 
Therefore, all reagents should be of highest purity obtainable. The reagents should be 
tested and so selected that the blank obtained is extremely low. Distilled water should be 
redistilled, in an all-glass distillation apparatus, from alkali (a pellet or two of NaOH or 
KOH) for use in the procedure. Glassware should be washed in hot water containing 
any good detergent and carefully rinsed with tap water and then redistilled water. 
Pipettes should be cleaned in acid dichromate solution. 

As an added precaution, a separate room for performing PBI determinations is 
highly recommended to preclude chance contamination from iodine fumes or mercury 
vapor which may originate from other sections of the laboratory. 

I. Reagents.— 

Zinc sulfate: Dissolve 100 Gm. of ZnSO,-7H,O in water and dilute to a liter in a 
volumetric flask. 

Sodium hydroxide—(0.5 N): Dissolve 20 Gm. of sodium hydroxide in water and dilute 
to a liter mark in a volumetric flask. The zine sulfate and sodium hydroxide should be so 
related that when 10.0 ml. of zine sulfate is diluted with 50 to 70 ml. of water and titrated 
with the sodium hydroxide, then 10.8 to 11.2 ml. of the 0.56 N NaOH is required to produce 
a faint permanent pink color with phenolphthalein. 

Hydrochloric acid (2 N): Dilute with water 170 ml. C.P. concentrated hydrochloric acid 
to a liter in a volumetric flask, Titrate against standard 1.0 N sodium hydroxide. 
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Sulfuric acid (7 N): Dilute 200 ml. of concentrated sulfuric acid with water to one 
liter in a volumetrie flask. 


Sodium carbonate (4.0 N or 2.0 M): Dissolve 212 Gm. of Na,CO; C.P. in water and 
dilute to one liter in a volumetric flask. Titrate against standard 1.0 N hydrochloric acid 
using a methyl orange indicator. 

Ceric suifate (0.012 N or 0.012 M): Dissolve 8.02 Gm. of ceric ammonium sulfate, 
Ce(SO,), 2(NH,),+SO,-4H,O, in a liter flask containing 500 ml. of water and 230 ml. 7 N 
H.SO,. When the solution is clear, dilute with water to the liter mark. 

Estimation of workable concentration of ceric ion: Prepare a 0.0012 M solution of 
ceric sulfate by diluting 5 ml. of the 0.012 M to 50 ml., in a volumetric flask, with 1.68 N 
H,SO, (23 ml. concentrated H,SO, diluted with water to 100 ml.). Add the indicated amounts 
of the 0.012 M and 0.0012 M ceric sulfate solutions to each of eleven cuvettes; then add the 
indicated amounts of 1.68 N H,SO, and 8.0 ml. of water for the following dilutions of ceric 
ion (total volume, 12 ml.) : 








MILLILITERS CERIC MILLILITERS 1.68 N MILLIMOLES CERIC 2 + LOG [CE4+]* 
SULFATE H,SO, ION/LITER MILLIMOLES/LITER 

. 4.0 ml. 0.012 M 2.602 

3.0 ml. 0.012 M 2.477 

2.5 ml. 0.012 M 2.398 

2.0 ml. 0.012 M 2.301 

1.5 ml. 0.012 M 2.176 

1.0 ml. 0.012 M 2.000 

. 0.5 ml. 0.012 M 1.699 

ml. 0.0012 M 1.602 

ml. 0.0012 M 1.477 

ml. 0.0012 M 1.301 

ml. 0.0012 M 0.699 


= ion concentration. 
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Read per cent transmittance at 420 my against a water blank set at 100 per cent trans- 
mittance. Plot 2 + log [Ce4+] versus per cent transmittance on standard graph paper, as 
shown in Fig. 1. The value of 2 + log [Ce4+], which corresponds to the lowest trans- 
mittancy value on the linear portion of the curve, is selected as the optimum ceric ion 
concentration for the particular instrument. For example, with the use of the Evelyn 
colorimeter, Fig. 1 is made to show that 2 + log [Ce4+] of 2.27, corresponding to 22 per 
cent transmittance, is the optimum ceric ion concentration. The antilog of 0.27 is equal 
to 1.85 mM of ceric ion. Millimoles of ceric ion multiplied by 4.346 equals grams of ceric 
ammonium sulfate to be weighed out and dissolved in 230 ml. of 7 N H,SO, to prepare a 


liter of solution; or 1.85 x 4.346 equals 8.02 Gm. 


Sodium arsenite (0.12 N): In a liter flask, dissolve 5.84 Gm. of As,O; in about 30 ml. 
of 4 per cent NaOH, warming to hasten solution. Add about 300 ml. of water and suffici- 
ent dilute H.SO, to make the solution slightly acid to litmus. (If the 7 N H,SO, is used, 
about 4.5 ml. will be required.) The solution is diluted with water to the liter mark. If 
too high a blank is obtained with this reagent, purify the As,O, by sublimation. This can 
be done by heating the As,O; in a porcelain dish, covered with a watch glass or petri dish, 
over a free flame. The sublimed As,O, condenses on the sides of the dish. If sodium 
arsenite is used, dissolve 7.80 Gm. of NaAsO, in distilled water and dilute to 1 liter. No 
acid or alkali is required with this salt. 

Iodide standard: Either Nal or KI of highest purity may be used. Keep dry in 
desiccator. 

Dissolve 118.1 mg. of Nal or 130.8 mg. of KI in water and dilute with distilled water 
to 1 liter in a volumetric flask. (1 ml. = 100.0 wg I-). 

Dilute Stock is obtained by diluting 4 ml. of the above-mentioned solution to 1 liter 
(1 ml. = 0.40 wg I-) with distilled water. 
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To prepare a working standard, dilute 10 ml. of dilute stock to 100 ml. (1 ml. = 0.04 
ug I-) with distilled water. 
All of these solutions have been found to keep indefinitely at refrigerator temperatures. 
It is preferable, however, to prepare a new working standard every week or two. 
Apparatus: 
. 15 x 125 mm. Pyrex test tubes. 
. Muffle furnace. 
3. Oven set at 85° to 95° C. 
. Photoelectric colorimeter, 
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Z+Log Millimoles Ceric Ion/ Liter 
0.0 0.5 1.0 cS 2.0 2.5 3.0 
Fig. 1.—Estimation of working range of ceric ion. 








II. Procedure.— 

Precipitation and washing of protein: 

1. Pipette 1 ml. of serum or plasma into a 15 x 125 mm. Pyrex test tube (in triplicate). 

2. Add 7.0 ml. of water. Prepare a reagent blank in quadruplicate (two of these 
tubes will be used subsequently to prepave a standard in duplicate), using 8 ml. of water 
in a similar tube. 

3. To all tubes, add 1.0 ml. of 10 per cent zine sulfate solution. Mix with a stirring 
rod about 2 mm. in diameter, using a different stirring rod for each tube. 
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4, Add 1.0 ml. of 0.6 N NaOH solution. Mix thoroughly to insure even distribution 
of alkaline zinc sulfate and complete precipitation of proteins. Remove adhering material 
from rod by rubbing it with a rotary motion against inside wall of tube, and lay rod aside 
for subsequent washings. 

5. Centrifuge for ten minutes at about 3,500 r.p.m. 

6. Pour off and discard supernatant fluid. 

7. Add 8 ml. of water to each tube, mix thoroughly with same stirring rod to break up 
clumps and distribute the proteins well. (Avoid too vigorous mixing, as this will cause 
incomplete separation of the zine proteinate during centrifugation). 

8. Centrifuge and discard supernatant. 

9. Repeat washing twice more. After the last decantation of supernatant fluid, allow 
tube to drain over filter paper. 

10. Add 1.0 ml. of 4.0 N sodium carbonate solution and thoroughly stir the precipitate 
with the same stirring rod used in the washings. Remove adhering material on stirring 
rod by rubbing it against inside wall of tube and wash off remaining material into tube 
with about 0.2 ml. distilled water. Discard stirring rods. 

Drying and incineration: 

1. Roll tube between fingers in almost a horizontal position to distribute the precipitate 
evenly along the wall about one-half the way up along the length of the tube. 

2. Place tubes in an oven set at 85-95° C. to drive off the water. Tubes are placed in 
a test tube rack inclined at about 45° angle. This is usually carried out overnight. 

3. After thorough drying of precipitate, place tubes at an angle of about 30° in a 
muffle furnace. Raise the temperature slowly at first to prevent ebullition of material. 
Ashing is carried out for 2 to 3 hours at 1,112° + 45° F. (600 + 25° C.), or until most of 
the carbon has been oxidized. At higher temperatures, loss of iodide by volatilization 
(M.P. 651° C.) may occur. 

4. Remove tubes and cool to room temperature, in a covered preserving jar to prevent 
contamination from air. 

Colorimetric determination: 

1. Neutralize the alkaline salts by adding rapidly 2 ml. of 2 N HCl to drive off the 
H.S and CO, by the consequent effervescense. (No loss of material was experienced during 
this step). 

2. Perform each sample in triplicate and a reagent blank in duplicate. Add 1.0 
ml. of 7 N H,SO, and 3.0 ml. of water to two of the sample tubes. To the third tube of 
sample may be added 1.0 ml. 7 N H,SO,, 2.0 ml. water, and 1.0 ml. of working standard 
(004 wg I-). (This internal standard serves a dual purpose: to detect the possible presence 
of an inhibitory substance in the sample, and to check accuracy of the colorimetric pro- 
cedure by recovery of the added iodide.) The standard (in duplicate) is prepared by 
adding to the third and fourth tubes containing reagent blank 1.0 ml. 7 N H,SO,, 2.0 ml. 
water, and 1.0 ml. working standard. 

3. If the tubes contain insoluble matter, centrifuge briefly and use supernatant for 
remainder of test. Pipette 5 ml. of each mixture into colorimeter tubes. 

4. Add 0.5 ml. of arsenious acid solution to each colorimeter tube. (If the H.S is not 
driven off completely during the acidification of the ashed sample, yellow arsenic trisulfide 
may precipitate out at this point (2 As3+ + 3 H.S ———> As.S, + 6H*). It is not necessary 
to allow the solutions to equilibrate, but continue with the addition of ceric sulfate reagent 
as soon as possible. The mixture is kept at room temperature (about 25° C.) for the 
remainder of the procedure. 

5. Add exactly 1.0 ml. of ceric sulfate reagent from a burette and take the initial 
reading immediately. Since the actual determination of iodide is accomplished by measur- 
ing iodide catalysis of the rate of decolorization of the yellow cerie sulfate by arsenious 
acid, the times at which the colorimeter readings are made must be set up. One milliliter 
of the ceric sulfate reagent must be added to each tube with adequate time allowance for 
teading the color change in the previous tube. This is accomplished by leaving a 30- 

















THOMPSON, KLUGERMAN, AND TRUEMPER J. Lab. &. Clin. Med. 
January, 1956 


154 





second interval between tubes. Colorimeter readings are made at 0, 6, and 12 minutes 
after addition of the ceric sulfate reagent to each tube. Twelve samples can con- 
veniently be run in each series. 

6. Read per cent transmittance of all tubes at 420 my against a water blank set at 
100 per cent transmittance. 

If the Evelyn colorimeter is used and the 12-minute readings exceeds 75 per cent 
transmittance (upper limit of workable range of instrument), only the 6-minute reading 
is considered in the calculation and multiplied by 2 to obtain a calculated 12-minute reading. 

III. Calculation.— 

The average 12-minute reading for each tube may be determined by using the formula 
of Klugerman?1: 


2b+ce - 3a 


5 =< D 
a = zero minute reading in per cent transmittance 
b = 6-minute reading in per cent transmittance 
¢ = 12-minute reading in per cent transmittance 
D = average increase of per cent transmittance in the interval, 0 to 12 minutes. 


If the workload is heavy and good linearity is obtained for varied concentrations of 
iodide, the number of tubes in a single series may be doubled by taking only the 0- and 12- 
minute readings and the A per cent T in 12 minutes may be substituted for D in the calcula- 
tion, except in those samples where the 12-minute reading will exceed the workable range of 
the instrument. ) 

D sample - D blank 

D standard - D blank 

A calibration curve is prepared whenever new reagents are prepared, in order to check 
linearity in the range used. Into each of five tubes, 1.0 ml. 4 N sodium carbonate, 2.0 ml. 
2 N HCl, 1.0 ml. 7 N sulfuric acid, and quantities of standard (equivalent to 0, 0.04, 0.08, 
0.12 and 0.20 wg I-) and water to bring total volume to 6.0 ml. Transfer five milliliter aliquots 
to colorimeter tubes and treat subsequently as are the unknown samples beginning with step 4 
of the colorimetric procedure. With the blank subtracted, plot per cent T against concentra- 
tion of iodide. 

Control Sera: If practical, analyze three previously standardized control sera having 
concentrations of approximately 3.0, 5.0, and 8.0 ug per cent PBI per 100 ml., together with 
sample, blank, and standard. The preparation of such sera and a recommended method of 
quality control will be discussed in Section III. 


x 4,0 = micrograms per cent PBI in sample 





Section IT 
INSTRUMENTATION, KINETICS, AND EFFECTS OF VARIABLE IONIC CONSTITUENTS 
IN THE CATALYTIC REACTION 
1. Instrumentation.— 

a. The absorption characteristics of the yellow color of the ceric ion were 
determined on five photoelectric instruments: a spectrophotometer with fine 
resolution (Beckman DU), two ordinary spectrophotometers (Coleman Jr. 6 and 
6A), and two filter photometers (Evelyn and Klett-Summerson). The absorbancy 
was plotted against concentration of ceric ion (Fig. 2) to determine the extent 
of their adherence to Beer’s law. The Coleman Jr. 6 and 6A, the Evelyn, and 
the Klett-Summerson produce a parabolic type of curve. The linearity, or 
adherence to Beer’s law, is approached only approximately over a rather limited 
range. The Coleman Jr. 6 shows the poorest sensitivity and the Coleman Jr. 6A, 
the best sensitivity. The Beckman DU has both excellent linearity and sensi- 
tivity, which would make it the most desirable instrument except that it is not 
practical for measuring reaction rates of several samples within a given time. 
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The three instruments immediately available to this laboratory were the 
Beckman DU, the Coleman Jr. 6, and the Evelyn colorimeter. Since the Evelyn 
possesses the most desirable operational features, this instrument was chosen 
to measure the catalytic system for PBI. 








08 e Beckman DU(.06 mm slit) 
4 Coleman Jr. Model 6A 
o751 |& ColemanJr. Model © 


© Evelyn Colorimeter 
& i Ti ciceeeiantiin canal 








0.65 


Absorbancy 


0.05 








Millimoles of Ceric Ion 
0.5 1.0 1.5 2.0 2.5 3.0 





Fig. 2—Comparison of various types of spectrophotometers and filter colorimeters (25° C.). 


b. No particular advantage was found in using 440 mp rather than 420 
mp, as suggested by some workers in their efforts to obtain better adherence to 
3eer’s law. The use of 440 mp results in increasing initial transmittance readings 
to the more accurate part of the galvanometer scale when the concentration of 
eerie ion originally proposed by Barker and associates is used. This arbitrary 
means of securing linearity may result in some loss of sensitivity. In the proce- 
dure deseribed herein, the optimum working concentration of ceric ion was 
determined at 420 mu. 


2. Kinetics.— 


If the rate-determining step in the decolorization of the ceric ion is assumed 


I 


to be the reaction Ce** oe Ce** and that the reaction As** TP Ass proceeds 


rapidly, then the following equation for a first-order reaction may describe the 
System : 
Ce**] 
] Cele — Kt 
(1) 2.303 log [Ce*], 
Substituting absorbance for concentration of ceric ion: 


OD. 
(2) 2.803 log OD. Kt 
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It is apparent that if equation (2) is to be used as a basis of calculations, then 
log O.D. must be linear to time. From data obtained on the Beckman DU and the 
Evelyn colorimeter, log O.D. was plotted against time in Fig. 3. Since dilutions 
of ceric ion showed adherence to Beer’s law on the Beckman DU, the linearity 
observed with this instrument confirms the first-orderliness of the catalytic re- 


action and the validity of equation (2). 
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Fig. 3.—Log absorbency versus time on Beckman DU and Evelyn colorimeter (25° C.). 


However, the Evelyn colorimeter produces a faint sigmoid type curve 
approaching linearity (Fig. 3). Therefore, equation (2) does not aptly apply 
on this instrument. The validity of equation (1) can, nevertheless, be tested 
by substituting ceric ion concentration for absorbency in the catalytic reaction. 
This can be seen in Fig. 4 for several concentrations of iodide. The resulting 
linearity demonstrates the validity of plotting log [Ce‘*t] versus time on in- 
struments which show deviations from Beer’s law rather than log O.D. versus 
time. 

The use of log O.D. versus time for calculations on instruments other than 
the Beckman DU not only has the disadvantage of slight deviations from 
linearity but its use also introduces complicated mathematical calculations 
involving logarithms or requires expensive semilog paper. Moreover, the 
absorbancy scales on direct-reading photometers lack the sensitivity of the 
transmittance scale. Barker, and associates, suggested the use of per cent 
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transmittance as an alternate to log O.D. O’Neal and Simms’ introduced a 
graph to demonstrate the extent of linearity attainable by this empirical re- 
lationship. Their range of linearity extended from 35 to 60 per cent trans- 
mittanee on the Coleman Universal spectrophotometer. A similar graph, using 
the Evelyn photometer, is shown in Fig. 1, from which it can be seen that 
essential —— is possible in the range from 22 to 75 per cent transmittance. 
In Fig. 5, per cent transmittance was plotted against time for several con- 
ciate of iodide, demonstrating the linearity obtained over this com- 
paratively large range of transmittance values. 



































Fig. 4.—The ceric-iodide-arsenite catalytic reaction as measured with the Eve ly n colorimeter on 
standards and samples of varied iodide concentrations (25° C.) 


3. Effects of Variable Ionic Constituents. — 


a. Sulphurie acid: A constant concentration of sulphurie acid associated 
with ceric sulfate must be maintained in the estimation of the workable con- 
centration of ceric ion. Variable concentrations of acid in the ceric ion dilu- 
tions result in a sigmoid rather than a parabolic type curve. 

The influence of the acid concentration in the reaction mixture on the 
light absorbaney characteristics of the ceric ion, regardless of concentration of 
cerie ion, was found to confirm the findings of O’Neal and Simms. Increasing 
concentrations of sulphurie acid to 0.175 N affected the absorption spectra 
considerably. Above 0.35 N, varying concentrations of acid had little or no 
effeet. An approximately 1.15 N acid was chosen, which is well within the 
optimum range. 
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b. NaCl—Na.SO, concentrations: Four milliequivalents of Na,CO; was 
used for the digestion of protein sample because lower concentrations tended 
to result in some loss of iodide during the ashing process, particularly when 
the protein content was high. Four milliequivalents of HCl was added to the 
ashed sample to completely neutralize the sodium carbonate to form NaCl. 
With this concentration of NaCl, blank values equivalent to 1 yg, or less, of 
iodide were obtained. Blank values of this order do not materially shorten 
the range of linearity of the color reaction. 
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Fig. 5.—The ceric-iodide-arsenite —. posse as Al 4 plotted in per cent transmittance 

A study of the effect of reducing the concentration of HCl, while main- 
taining the over-all hydrogen ion concentration by substituting H.SO, to pro- 
duce Na.SO, from the remaining Na.CO;, was undertaken to determine the 
optimum electrolyte balance for the catalytic system. It was deemed necessary 
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for our purposes to first investigate the influence of varying concentrations of 
NaCl, in the absence of Na,SQ,, on the rate of reaction. In Fig. 6 (solid line), 
the reaction rate was plotted against concentration of NaCl in milliequivalents. 
An increase in reaction rate was found to occur as the concentration of NaCl 
approached 0.7 meq., but beyond this concentration, there appeared to be little 
or no effect. This seems to indicate that I+ Cl- is responsible for the speed of 
the catalytic reaction. 

In Fig. 6 (dashed line) is shown the result of using 4 meq. of Na,CO; and 
reducing the amounts of HCl added; the remainder of the carbonate being 
neutralized by H.SO,. It can be seen that the reaction rate increases rapidly 
as the concentration of Na,SO, decreases. When the Na,CO; is completely 
neutralized with 4 meq. of H.SO,, the reaction rate is approximately 35 per 
cent of that obtained when 4 meq. of HCl is used. 
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Fig. 6.—Effect of NaCl (and Na2SOs) concentration on reaction rate (25°C.). 


It is apparent from this study that Na.SO, inhibits the reaction rate. 
Therefore, significant errors may occur when the carbonate is not completely 
neutralized by the HCl. Excessive quantities of HCl must be avoided, how- 
ever, in order to maintain a good range of linearity, because the trace im- 
purities usually found in this reagent tend to produce high blanks. 

e. Arsenious acid/ceric sulfate ratio: O’Neal and Simms found that the 
optimum equivalent ratio of arsenite ion/ceric ion in the wet-digestion method 
was 10:1. They also found that at lower ratios the reaction rate was affected 
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by slight variations in the concentration of arsenite ion, while at higher ratios 
these slight variations resulted in little or no change in rate of reaction. In 
the ashing technique presented, a ratio of 5:1 was selected, although it has 
been found that ratios as low as 3:1 were also satisfactory. 

d. Effect of miscellaneous contaminants: Sandell and Kolthoff® suggested 
the use of an internal standard to overcome the effects of contaminating salts. 
It has been observed that extraneous salts introduced as a consequence of dry- 
ashing does not materially affect the reaction rate. By dispensing with the 
internal standard, as prescribed by Barker and associates a quantity of sample 
equivalent to 5/6 ml. of serum, rather than 3/7 ml., is used in the colorimetric 
procedure. In this way, the factor and consequently the error is reduced. An 
internal standard may be included in one of the samples, as prescribed in the 
procedure, to detect presence of contaminants in the sample itself. 

e. Effect of iodide: The reaction between arsenite and ceric ions occurs 
slowly, but a small amount of iodide acts catalytically to speed up the re- 
action. The observed catalytic activity of iodide, in terms of A per cent T 
(or A log O.D.), must be directly proportional to its concentration to be use- 
ful for PBI determinations. 

The linearity of the change in per cent T versus time within the limits of 
22 to 75 per cent T for the Evelyn colorimeter may be expressed in terms of 
the slope of the line: 

(1) A per cent T = mxt 

A per cent T = change in per cent T from zero time to time f. 
m = slope of line. 
Rearranging and solving for m: 
(2) m = A per cent T 
t 


The effect of iodide concentration, [I-], may be introduced by assuming that 
[I-] is proportional to slope: 





[I-] =fxm= fx A per cent T, f being a constant. 
t 
If t is held constant for any concentration of iodide, then f/t is a constant, or 
- [I-] = Fx A per cent T; F is the new constant. 

Transposing, 

(3) F = —_—— 

A per cent 1 

This relationship is borne out by the data in Table I, columns 1-3. In column 
4 is given the calculated iodide concentration based upon the factor F, ob- 
tained from a single standard solution of 0.047 ng iodide. Column 5 indicates 
the per cent deviation from the actual values given in column 1 if this factor, 
determined from a single standard, were used for calculating iodide in sample 
in lieu of a calibration curve. The average difference between the actual and 
estimated values of iodide is 1.2 per cent. The factor F is fairly constant under 
the same conditions of time and temperature but varies with the quality of 
reagents used, F varies inversely with temperature. . 
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TABLE I. RELATIONSHIP OF IODIDE CONCENTRATION TO REACTION RATE 
(IN THE RANGE OF 22-75 PER CENT TRANSMITTANCE AT 25° C.) 











PER CENT 
DIFFERENCE 
CONCENTRATION OF F x PER CENT T (COLUMN 1— 
IODIDE (IN y“G) A, PER CENT T* F x 10-4t (F = 56 x 10-4) COLUMN 4) 
1 (2) (3) (4) (5) 
0.0,240 4.2 57.1 0.0,235 -2.1 
0.0,370 6.6 56.1 0.0,370 0.0 
0.0,470 8.4 56.0 0.0,470 0.0 
0.0,930 172 54.1 0.0,946 +1.7 
0.1,120 20.6 54.3 0.1,137 +1.5 
0.1,360 26.0 54.4 0.1,383 +1.7 
0.2,400 43.8 54.8 0.2,442 +1.7 





Average 
difference = 1.2 per cent 





*Time held constant at 12 minutes (average of readings taken at 6 and 12 minutes) 
and corrected for blank. 
Concentration of iodide, 


TF 10-4 (constant) = 
tF X ) A % ET 





Section III 
CONTROL SERUM 


A sample which approximately simulates the chemical composition and 
physical characteristics of the specimen being analyzed and contains a known 
concentration of PBI is the best means of controlling the accuracy and repro- 
ducibility of the procedure. 

The control sera were pooled human serum which was subsequently proc- 
essed to provide this laboratory with three sets of sera having concentrations 
covering the normal range of the test. A batch of pooled serum was filtered 
through a Seitz filter into a flask containing sufficient sodium Merthiolate to 
produce a concentration in the serum of 1:5,000. About two-thirds of the 
sterile serum was allowed to freeze at —10° C. in a 2-liter sterile separatory 
funnel. The remaining one-third of serum was tubed and stored at -10° ©. 
and provided control serum with a normal concentration of PBI (about 5.2 
ug PBI per 100 ml. serum). The funnel was removed from the freezer and 
the serum was allowed to thaw at room temperature in an upright position, 
without shaking. The lower half of this thawed serum was concentrated in 
respect to protein and PBI, while the upper half was low in protein and PBI. 
These may be separated by draining the lower half into another sterile con- 
tainer. Each was well shaken, and then tubed and stored at —-10° C, In our 
experience, we were able in this way to obtain a high control serum of about 
7.5 ng PBI per 100 ml. and a low of about 2.8 ng per 100 ml. serum. These 
sera were run along with each series of samples to be analyzed. A sufficient 
batch of sera was prepared to last about three to four months. 

Standardization of control sera was accomplished by preparing new con- 
trol sera well in advance so that they may be run in parallel with the sera 
already in use. Values obtained on control sera were also corroborated by 
other laboratories. By performing PBI analyses on specimens taken from 
technicians in our own laboratory and, whenever possible, by correlating our 
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results on patients with the physicians’ diagnoses, we have found that the 
normal range is similar to that given by Barker and associates, that is, from 
3.0 to 8.0 with a mean of approximately 5.8 »g PBI per 100 ml. serum. 
Reproducibility was established by statistical analyses of data collected 
on the control sera over a period of six weeks. These were performed in 
triplicate with an average deviation of + 5.3 per cent. The mean values of 
the triplicate determinations were used to estimate the reproducibility of the 
method in this laboratory in terms of standard deviation. The coefficient of 
variation was + 3.3 per cent, and the allowable error was + 10 per cent for 
three standard deviations. 
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Fig. 7.—Control charts of standardized sera in micrograms per 100 ml. serum; (a) 2.8 + 0.3, 
(b) 5.8 + 0.6, (c) 7.4 + 0.8. 


Control charts were prepared with the true mean (obtained by standardiza- 
tion) as the ordinate and with parallel lines on either side to designate the 
control limits of + 10 per cent, as calculated from the predetermined values 
(see Fig. 7). The order of analysis was plotted as abscissa. The control sera 
were run along, in triplicate, with each series of unknown samples and its 
mean plotted in proper chronological order. 

During the thirteenth to seventeenth analyses, the low values in curve (a) 
were out of control. This apparent loss of iodide was traced to the ashing 
process, when the heating was either prolonged or allowed to reach excessive 
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temperatures. Since this serum has a low protein content, it points out the 
need for a minimal amount of protein to retain the iodide during ignition. 
This suggests the addition of an organic substance as an ash aid. Attempts 
will be made to reduce the possibility of loss of iodide in low-protein samples 
by the addition of a solution of pure albumin. The results of this study will 
be a subject of another paper. 


SUMMARY 


A dry-ashing technique for serum protein-bound iodine, PBI, has been 
presented in order to attain greater sensitivity, accuracy, and reproducibility. 
The decolorization of ceric ion in the catalytic reaction has been shown to be 
first-order. To utilize this concept of first-order in the calculations, a linear 
relationship must exist between concentration of ceric ion and absorbence on 
the photometer used in the analysis. Data have been furnished to show the 
extent of adherence of ceric ion to Beer’s law on the Coleman 6 and 6A, the 
Evelyn, the Klett-Summerson, and the Beckman DU. Any instrument may be 
used for PBI determinations, providing a proper range has been ascertained 
by estimating the optimum concentration of ceric ion for the ceric-iodide-arsenite 
system. The use of per cent transmittance, rather than log O.D., is shown to 
have the advantage of simplicity. Finally, a method of quality control has been 
presented as a means of keeping a continuous check on the accuracy and repro- 
ducibility of the values obtained. 


We appreciate the cooperation of Lieutenant Colonel Edmund R. Kielman, Commanding 
Officer of the Second Army Area Medical Laboratory, in making this study possible. We also 
wish to thank Lieutenant John F. Wootton for his valuable criticism and Private First Class 
Godfrey C. Hoskins for his preparation of the graphs. 
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QUANTITATIVE FILTER PAPER ELECTROPHORESIS OF SERUM: 
AUTOMATIC SCANNING AND INTEGRATION OF THE DYE- 
STAINED STRIP 


Tan R. Mackay, M.D., M.R.C.P., M.R.A.C.P. 
New York, N. Y. 


UANTITATIVE analysis of dyed filter paper electropherograms of human 

serum has been facilitated by recent advances in instrumentation. Earlier 
methods based on dye elution from sections of the paper strip’ were succeeded 
by direct photometric quantitation of the resolved serum electropherogram.* * 
Instruments have now been designed which scan the paper strip directly and 
automatically record the electrophoretic pattern.* ° 

An attempt has been made to assess the reproducibility of paper electro- 
phoretie analysis of serum using a commercially available instrument*® * which 
seans the strip, records and draws the pattern, and measures the area under 
each peak in one combined operation, thus eliminating the time-consuming pro- 
cedures of curve plotting and planimetry. This instrument has been evaluated 
with two dyes in common use, and the analytical accuracy has been compared 
with that obtained with a simpler type of nonautomatie photometer.t 


METHODS 


The ‘‘Analytrol’’ is a double cell photometer in which light transmitted through the 
stained strip via a narrow slit is registered by a photocell; the same light passes through 
another aperture to fall upon the second balancing photocell, which is partially occluded by 
a rotating cam. A Servo motor drives the cam so as to vary the second photocell aperture 
and bring the light intensity difference on the two photocells to zero. Movements of the 
cam are transmitted to a recording pen, which traces the pattern. An inbuilt mechanical 
integrator measures the areas under the peaks of the curve. 

A description of the type of paper electrophoretic apparatus and procedures used and of 
the techniques of free electrophoresis has been previously published. More recent experience 
indicates that superior resolutions on paper are obtainable with the Durrum-type hanging strip 
electrophoresis apparatus designed by Wiiliams.7,8 Whatman 3 mm. filter paper was used 
in all studies in which bromphenol-blue dye was employed. 

Two staining procedures were employed: (a) amido-black dye, for ten minutes, with 
decolorization by methanol acetic acid washes?; (b) bromphenol-blue dye,7 for six hours, 
followed by two successive rinses (5 per cent acetic acid) for six minutes, fixation (0.3 per 
cent sodium acetate in 5 per cent acetic acid) for six minutes, and oven drying (120° C.) 
for at least ten minutes. Quantitation of protein concentration on the elecropherogram was 
performed (a) by using a nonautomatic white-light photometer (‘‘Elphor’’)2,3; the paper 

From the Division of Physics and Biophysics, Sloan-Kettering Institute for Cancer 
Research, New York, N. Y. 

Certain of the data were obtained during tenure of a Fellowship at the University of 
Washington, Seattle, Wash. 
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: *“Analytrol,’”’ Spinco Model R, Spinco Division, Beckman Instruments, Inc., Belmont, 
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;{“Elphor”’ photometer, Bender and Hobein, Munich, Germany. 
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strip, rendered translucent by oiling, was passed across a 1 ml. light slit, the optical densities 
read from the instrument were plotted, and the resulting curve was analyzed by planimetry ; 
(b) by use of the ‘‘Analytrol’’ automatic scanner and integrators, 7; strips were not oiled 
prior to scanning.* 


RESULTS 


Replicate (30) analyses of a single normal scrum specimen (bromphenol- 
blue dye, ‘‘Analytrol’’ scanner), carried out under ordinary laboratory condi- 
tions by three different individuals, are presented as a basis for expected 
ranges of variations under normal working conditions (Table I). The standard 
deviations from the mean (in terms of total protein) were, for albumin, 4.5 
per cent, alpha, globulin, 0.7 per cent, alpha, globulin, 1.3 per cent, beta glob- 
ulin, 1.7 per cent, and gamma globulin, 2.2 per cent.{ It is noteworthy that 
standard deviations are smaller when computed from analyses (electrophoresis 
and subsequent staining) of 8 strips treated simultaneously than when com- 
puted from multiple analyses at differing times (Table I). 

Replicate (20) analyses of a single stained strip showed a high degree of 
reproducibility (Table I), suggesting that variations in analyses are due to 
factors inherent in the electrophoretic and staining procedures, rather than in 
instrumental recording of the final pattern. 

It was found, however, that whereas a given seanner yields highly repro- 
ducible results with a single electropherogram, duplicate scans of the same strip 
by a second ‘‘Analytrol’’ occasionally yielded differences (in per cent of total 
protein) of over 4 per cent for albumin and 2 per cent for globulins. When 
two series of eight strips were both analyzed and scanned in different labora- 
tories, the differences in the mean values for the various fractions were: al- 
bumin, 3.8 per cent, alpha, globulin, 0.8 per cent, alpha, globulin, 1.9 per cent, 
beta globulin, 2.3 per cent and gamma globulin, 0.5 per cent. Analysis of a 
single abnormal serum (amido-black stain) using both the ‘‘ Analytrol’’ scanner 
and a nonautomatie photometer (‘‘Elphor’’) did not reveal any gross differ- 
ences in the performance of the two instrument (Table I). 

The results of quantitative analysis by paper electrophoresis of 20 normal 
and miscellaneous abnormal sera, using both the ‘‘Analytrol’’ scanner and a 
nonautomatie photometer, were compared with each other and with results 
obtained by free electrophoresis (Table II). In most but not all instanees, 
agreement was fairly close with all three methods, considering the standard 
deviations of the techniques involved and the limitations of moving boundary 
comparison. When deviation from free electrophoresis was considerable, par- 
ticularly with sera 10, 12, 20 (all high in lipoprotein content), results by the 
two paper scanning techniques usually agreed well with each other. No quan- 
titative superiority of either scanner was demonstrated on the basis of this 
type of comparison. 

*For quantitation of amido-black stained strips analyzed on Whatman No. 1 filter paper 


by the “Analytrol’” scanner, with cam calibrated for bromphenol-blue, an empirically derived 
correction factor of 1.3 was applied to all the globulin readings. 

yInitial experience indicates that valves (expressed as percentages of total protein) for 
components of normal serum, obtained with the ‘‘Analytrol’” scanner, fall about means pre- 
viously reported*® for paper electrophoresis with direct scanning (albumin 57 per cent, alpha: 
— 4 per cent, alphaz globulin 9 per cent, beta globulin 14 per cent, gamma globulin 
16 per cent). 
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TABLE I. RESULTS OF MULTIPLE PAPER ELECTROPHORETIC ANALYSES OF SERUM 
MEANS AND STANDARD DEVIATIONS OF SERUM COM- 
PONENTS EXPRESSED AS PERCENTAGE OF TOTAL PROTEIN 
LOBULIN 
DYE AND pncitrsictereceae 
SCANNER ALBUMIN Oy A, Y 
ANALYSIS EMPLOYED MEAN |S.D. | MEAN |S.D. | MEAN |S.D. | MEAN |S.D. | MEAN |S.D. 
Replicate (20) anal-|Bromphenol- 04.2 0.7) 35 02 88 03 145 0.4 19.0 0.5 
yses of single blue ‘‘ Analy- 
electropherogram | trol’’ 
Replicate (8) anal- |Bromphenol- 60.4 3.6] 33 05 7.2 09 11.4 06 17.7 1.7 
ses of single nor-| blue ‘‘ Analy- 
mal serum (strips| trol’’ 
analyzed simultan- 
eously ) 
Replicate (30) anal-/Bromphenol- 59.4 45] 3.3 0.7 76 13 129 2.7 16.5 2.2 


yses of single nor- 
mal serum 


blue ‘‘ Analy- 
trol’’ 
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Amido-black Bie A 3B OG IN Uf: 13.6 2.0 35.3 2.1 
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DISCUSSION 


These results (Tabie I), obtained in the course of routine analyses of human 
sera, illustrate the degree of reproducibility of the method under average lab- 
oratory circumstances, standard deviations being somewhat greater than those 
obtained under more rigidly controlled conditions. The data presented (Table 
II) suggest that quantitative results using the ‘‘Analytrol’’ scanner are in 
agreement with those obtained with a nonautomatie photometer and also com- 
pare fairly well with free electrophoretic values, conceding the limitations 
of the latter for comparative purposes. Although these data, and those of 
others,°""* do draw attention to the quantitative limitations of filter paper 
electrophoresis of serum, it is considered that the technique and instrument 
under consideration are sufficiently accurate for clinical laboratory purposes. 

It has been shown that variable quantitative results are due to inherent 
errors and factors (reviewed by Block, Durrum, and Zweig’) in the paper electro- 
phoretie and dying procedures, rather than in the analyses of the final patterns. 
Certain of these inherent errors may be minimized by careful attention to 
technical detail.”.* Albumin tailing, differential dye-binding of albumins and 
olobulins,* nonstaining of lipid components of lipoprotein complexes, and non- 
validity of Beer’s law{t represent problems peculiar to the paper electrophoretic 
technique; however, the good general agreement between results with moving 
boundary and paper electrophoresis indicates that the sum effect of these vari- 
ous sourees of difference is minimal.* * 7° 


*An attempt was made to show that the greater dye-binding capacity of albumin than 
gamma globulin apparently did not apply in normal whole serum analysis (ref. 3, Table IV). 
However the experiment, as conducted, could not distinguish, within the limits of experimental! 
error, whether a gamma globulin correction factor was applicable or not.” 

7Previous studies showed that optical densities of dyed protein on a paper strip as 
measured by light absorption photometers obey Beer’s law only within a narrow range of 
protein concentration’; however, this source of error has been obviated by incorporating 
optical density corrections directly into the ‘‘Analytrol” cam, 
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TaBLE II, PAPER ELECTROPHORETIC ANALYSIS WITH QUANTITATION BY ‘‘ANALYTROL’’ SCANNER (A), 
j ‘‘ ELPHOR’’ PHOTOMETER (B), AND COMPARISON WITH FREE ELECTROPHORETIC ANALYSES (F.E.) 
(Serum Components Expressed as Percentages of Total Protein) 























| ALBUMIN GLOBULINS 
CASE | % | bt | B | Y 
NO. | DIAGNOSIS rE. | At | BY [FE | A | BOLRE. | A | B [FE.| A | B [FE | A | B 
—- 53.2 52.9 57.4 47 19 3.6 9.0 8.7 8.0 16.7 19.7 14.5 16.4 16.8 16.5 
2 57.4: 53:4. 5280 50 53 49 8 1b 49-2 15:2515.6 162 Tao eiee ton 
3 Normal 57.1 48.5 515 53 43 3.8 7.5 11.1 9.4 14.9 13.7 13.8 15.2 22.4 21.5 
; 4 54.7 57.4 58.7 4.7 3.3 5.38 8.8 10.2 9.2 18.0 16.0 12.1 13.8 13.1 14.7 
5 56.1 66.5 605 59 08 24 76 3.8 7.8 14.8 14.7 13.7 15.6 14.1 15.6 
| 6 22.6 23.8 263 3.7 15 3.2 56 3.1 5.3 11.3 85 9.4 56.8 63.1 55.8 
7 portal cirrhosis | 349 366 349 21 18 43 5.3 5.9 7.6 14.5 5.9 7.6 44.1 49.8 45.6 
iii 42.1 40.0 4.1 6.8 5.6 7.7 12.7 13.1 35.5 32.4 
9 44.2 44.6 KS 27 3.8 6.4 11.8 10.8 38.9 35.5 
10 Biliary cirrhosis 36.6 45.6 418 4.7 69 60 82 6.3 8.2 16.3 10.5 10.5 34.2 30.7 33.3 
11 Nephrotie syn- 30.6 25.8 32.1 98 9.6 6.6 20.8 21,6 18.9 19.3 21.6 17.3 19.5 21.6 25.0 
12 drome 30.0 39.6 38.7 16.3 11.4 13.3 19.0 11.4 17.3 18.4 15.7 15.9 14.3 12.9 14.8 
13 Multiple myeloma | 45.4 38.2 464 9.6 9.6 7.7 14.9 15.5 12.6 18.5 22.0 16.9 11.6 14.7 16.4 
14 Staphylococeal in- | 53.7 55.7 53.0 64 7.3 7.5 12.1 10.8 11.4 14.9 13.0 12.3 12.9 13.3 15.8 
fections : 
15 Lymphoma 32.4 30.3 311 4.7 4.1 60 69 53 7.8 13.8 5.3 9.0 42.1 54.9 46.1 
16 Pulmonary abscess} 33.0 36.1 40.4 66 46 5.5 12.2 10.8 11.6 18.7 17.5 14.2 29.5 31.0 28.3 
17 Recurrent pulmo- | 53.6 59.8 51.3 7.6 4.8 5.8 13.5 13.3 15.0 13.9 10.9 11.8 11.4 11.2 16.1 
nary infections 
18 Tuberculous 36.7 37.6 37.3 5.1 3.0 5.6 10.2 10.5 13.4 14.6 13.6 11.4 33.4 35.3 32.3 
adenitis 
19 Bronchial asthma | 55.2 55.9 475 40 3.8 55 96 9.3 9.5 15.6 11.5 13.3 15.6 19.5 24.1 
20 =Hypercholesterole- | 46.0 60.7 604 55 2.1 2.7 10.2 68 7.4 27.7 15.2 14.3 10.6 15.2 15.1 
4 mic xanthomato- 
S18 








*F..—Free electrophoretic analysis. 
jA—Paper electrophoretic analysis—‘‘Analytrol” scanner. 
tB—Paper electrophoretic analysis—‘‘Elphor” scanner. 


There is nothing in these data to suggest the superiority of one dye over 
another. Amido-black is more stable and requires a shorter dying time. How- 
ever, quantitative results with bromphenol-blue are equally good, and since the 
‘‘Analytrol’’ cam is calibrated for this dye, it seems to be the reagent of choice 
for use with this instrument. 

At the present time, the best cam available for use with the ‘‘Analytrol’’ 
instrument requires the use of bromphenol-blue dye and specified conditions of 
electrophoresis.’ If other dyes, filter paper, or electrophoretic conditions are 
preferred, a differently calibrated cam is required. Alternatively, as was done 
in this study, amido-black stained strips may be quantitated, using the brom- 
phenol-blue cam, by means of a correction factor empirically derived. A uni- 
versal eam, applicable for a variety of dyes, is under investigation at present. 


SUMMARY 





j 1. Reproducibility of paper electrophoretic analysis of serum has been in- 
| vestigated using a commercially available (‘‘Analytrol’’) scanner and inte- 
grator for quantitating the stained strip. 
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2. Normal values and standard deviations using this scanner are presented. 

3. Results obtained with the ‘‘Analytrol’’ were comparable with those ob- 
tained using a simpler photometer; both sets of data compared reasonably well 
with moving boundary analyses. 

4. This scanner is an accurate, time-saving device for simple rapid analysis 
of paper electrophoretic strips; it does not correct the errors inherent in the 
paper electrophoretic procedure. 


I wish to thank Anne E. Milman, Ph.D., for helpful criticism. Mr. Bruno Shrenger 
rendered valuable technical assistance. 
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